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Frqfhswlrq hw uìdolvdwlrq g*xq glvsrvlwli gh gìwhfwlrq
qhxwurqltxh edvì vxu o*xwlolvdwlrq gh vflqwloodwhxuv






5 Od gìwhfwlrq ghv qhxwurqv 4:
514 Remhfwli gh od phvxuh qhxwurqltxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:
515 Ruljlqh gx ud|rqqhphqw qhxwurqltxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:
51514 Od vvlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;
51515 Ohv uìdfwlrqv qxfoìdluhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<
516 Uìdfwlrqv srvvleohv srxu od gìwhfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 53
51614 Ohv glxvlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 54
51615 Ohv fdswxuhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 54
517 Ohv gìwhfwhxuv h{lvwdqwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 56
51714 Ohv gìwhfwhxuv ã jd} 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 56
51715 Ohv gìwhfwhxuv vhpl0frqgxfwhxuv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 59
51716 Ohv vflqwloodwhxuv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5:
51717 Frpsdudlvrq ghv glìuhqwv gìwhfwhxuv glvsrqleohv 1 1 1 1 1 1 1 1 1 1 5<
518 Dssolfdwlrqv gh od gìwhfwlrq qhxwurqltxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 63
51814 Frqwu÷oh 0 Frppdqgh ghv uìdfwhxuv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 63
51815 Ohv dwholhuv gh phvxuhv qhxwurqv gh FRJHPD od Kdjxh 1 1 1 1 1 1 64
51816 Udglrsurwhfwlrq 0 Frqwu÷oh gh od pdwlëuh vvloh 1 1 1 1 1 1 1 1 1 1 1 1 66
51817 Prwlydwlrqv hw remhfwliv gh od wkëvh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 67
6 Ohv vflqwloodwhxuv 6:
614 Jìqìudolwìv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6:
61414 Orl gh Vwrnhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6:
61415 Vflqwloodwhxuv lqrujdqltxhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6;
61416 Vflqwloodwhxuv rujdqltxhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 74
615 Fdudfwìulvwltxhv ghv vflqwloodwhxuv rujdqltxhv vrolghv 1 1 1 1 1 1 1 1 1 1 1 1 1 75
616 Wudlwhphqw wkìrultxh gh od surgxfwlrq gh oxplëuh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 76
61614 Pìfdqlvphv gh od vflqwloodwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 77
61615 Skìqrpëqhv gh txhqfklqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 79
61616 Zdyhohqjwk 0 vkliwhu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 79
61617 Ohv pdwìuldx{ oxplqhvfhqwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7:
617 Orl gh Elunv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7:
6
Wdeoh ghv pdwlëuhv
7 Ideulfdwlrq hw fdudfwìulvdwlrq rswltxh gh vflqwloodwhxuv sodvwltxhv 84
714 Frqvwlwxdqwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 84
71414 Frpsrvìv vflqwloodqwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 84
71415 Ohv ìoìphqwv grsdqwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 86
715 Prgh rsìudwrluh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 88
71514 Sulqflsh gh od sro|pìulvdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 89
71515 Sxulfdwlrq ghv surgxlwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8;
71516 Gìjd}djh hw pìodqjh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8<
71517 F|foh wkhupltxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8<
71518 Pìwkrgh gh o*lqmhfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 93
71519 Uìvxowdw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 93
716 Fdudfwìulvdwlrq rswltxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 94
71614 Phvxuh gh o*lqglfh gh uìiudfwlrq rswltxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 94
71615 Fdudfwìulvwltxhv vshfwudohv lqiud0urxjhv ghv frqvwlwxdqwv vflqwloodqwv
hw grsdqwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 96
71616 Fdudfwìulvdwlrq sdu vshfwurpìwulh XY 0 ylvleoh ghv vflqwloodwhxuv 1 1 9:
71617 Phvxuh gh od orqjxhxu gh ghpl0dwwìqxdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9:
71618 Fdudfwìulvdwlrq sdu vshfwur xrulpìwulh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :3
717 Dqdo|vh UPQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :4
8 Plvh hq rhxyuh gx vflqwloodwhxu :8
814 Frxsodjh rswltxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :8
815 Jxlgh oxplëuh xwlolvì 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ::
816 Oh skrwrpxowlsolfdwhxu [S5353 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ::
817 Uhyíwhphqwv xwlolvìv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;3
81714 Suìvhqwdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;3
81715 Ohv uì hfwhxuv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;3
81716 Ohv glxvhxuv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;4
81717 H{sìulhqfh gh fdudfwìulvdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;5
81718 Frqfoxvlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;6
818 Uìsrqvh whpsruhooh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;7
81814 Phvxuhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;8
81815 Dmxvwhphqw gh od sduwlh ghvfhqgdqwh gh o*lpsxovlrq 1 1 1 1 1 1 1 1 1 ;8
9 Fdudfwìulvdwlrq vrxv idlvfhdx{ gh sduwlfxohv ;:
914 Sdufrxuv ghv lrqv gdqv ohv vflqwloodwhxuv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;:
915 Vrxufh ìwdorq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;;
916 Vrxv idlvfhdx{ gh surwrqv dx Ydq gh Judd 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <3
91614 Suìvhqwdwlrq gx glvsrvlwli h{sìulphqwdo 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <3
91615 Phvxuhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <5
91616 Uìvxowdwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <5
917 Vrxv ud|rqqhphqwv doskd dx oderudwrluh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <8
91714 Glvsrvlwli h{sìulphqwdo 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <8
91715 Phvxuhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <9
7
Wdeoh ghv pdwlëuhv
91716 Uìvxowdwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <:
918 Gìwhuplqdwlrq ghv sdudpëwuhv gh oxplqhvfhqfh 0 orl gh Elunv 1 1 1 1 1 1 1 1 <<
91814 Pìwkrgh xwlolvìh srxu o*dmxvwhphqw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <<
91815 Uìvxowdwv ghv dmxvwhphqwv dx{ phvxuhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 433
919 Whqxh dx{ udgldwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 437
91: Uìsrqvh dx{ qhxwurqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 437
: Prgìolvdwlrq gh od uìsrqvh qhxwurqltxh hw oxplqhxvh 43:
:14 Dgìtxdwlrq gx frgh gh fdofxo qhxwurqltxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43:
:15 Vlpxodwlrq qhxwurqltxh ã o*dlgh gh PFQS 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43;
:1514 Suìvhqwdwlrq gx frgh gh fdofxo 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43;
:1515 Vshfwuh hq ìqhujlh ghv qhxwurqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43;
:1516 Rswlplvdwlrq gh od jìrpìwulh srxu od gìwhfwlrq gh qhxwurqv udslghv 443
:1517 Qrpeuh gh fkrfv qìfhvvdluhv srxu wkhupdolvhu xq qhxwurq 1 1 1 1 1 1 447
:1518 Gxuìh gh ylh g*xq qhxwurq gdqv fh w|sh gh vflqwloodwhxu grsì 1 1 1 1 448
:1519 H!fdflwì joredoh gh gìwhfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44:
:16 Vlpxodwlrq gh od surgxfwlrq hw gh od sursdjdwlrq gh od oxplëuh 1 1 1 1 1 1 1 453
:1614 Suìvhqwdwlrq gx frgh gh fdofxo 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 453
:1615 Prglfdwlrqv dssruwìhv ã fh frgh gh fdofxo 1 1 1 1 1 1 1 1 1 1 1 1 1 1 455
:1616 Lq xhqfh gh od jìrpìwulh vxu od froohfwh ghv skrwrqv 1 1 1 1 1 1 1 1 1 456
:1617 Jìqìudwlrq gh skrwrqv srxu ghv doskd hw ghv surwrqv 1 1 1 1 1 1 1 1 457
:17 Frxsodjh ghv ghx{ frghv gh vlpxodwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 458
:1714 Srxutxrl fh frxsodjh B 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 458
:1715 Gìpdufkh dgrswìh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 459
:1716 Uìvxowdwv gh od vlpxodwlrq joredoh gx vflqwloodwhxu 1 1 1 1 1 1 1 1 1 1 45;
:1717 Frpsdudlvrq dyhf xq vshfwuh qhxwurq h{sìulphqwdo 1 1 1 1 1 1 1 1 1 463
; Glvfulplqdwlrq qhxwurq 0 jdppd 466
;14 Sulqflshv gh od glvfulplqdwlrq gh sduwlfxohv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 466
;1414 Vhqvlelolwì ylv ã ylv gx ud|rqqhphqw jdppd 1 1 1 1 1 1 1 1 1 1 1 1 1 466
;1415 Sureoìpdwltxh gh od glvfulplqdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 468
;15 Pìwkrghv gh glvfulplqdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 469
;1514 Udsshov eleolrjudskltxhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 469
;1515 Vljqdx{ revhuydeohv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46:
;16 Pìwkrgh dqdorjltxh = oh sdvvdjh sdu }ìur 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 473
;1614 Plvh hq rhxyuh h{sìulphqwdoh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 473
;1615 Uìvxowdwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 474
;1616 Shuirupdqfhv gh od pìwkrgh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 476
;17 Pìwkrgh qxpìultxh = od frpsdudlvrq gh fkdujhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 477
;1714 Plvh hq rhxyuh h{sìulphqwdoh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 477
;1715 Prqwdjh pl{wh dqdorjltxh hw qxpìultxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47:
;1716 Uìvxowdwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47;
;1717 Shuirupdqfhv gh od pìwkrgh gh glvfulplqdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 487




<14 Phvxuh ghv ìphwwhxuv qhxwurqv gdqv ohv iþwv gh gìfkhwv1 1 1 1 1 1 1 1 1 1 1 1 48:
<1414 Jìqìudolwìv vxu ohv pxowlsolflwìv qhxwurqltxhv 1 1 1 1 1 1 1 1 1 1 1 1 1 48:
<1415 Dojrulwkphv glvsrqleohv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48<
<1416 Pìwkrgh gh phvxuh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 493
<1417 Sulqflsh gh plvh hq rhxyuh gx glvsrvlwli gh gìwhfwlrq 1 1 1 1 1 1 1 1 494
<15 Ohv euhv grsìhv vflqwloodqwhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 497
<1514 Ideulfdwlrq gh euhv grsìhv vflqwloodqwhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 497
<1515 Xwlolvdwlrq gh euhv grsìhv vflqwloodqwhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 498
<16 Vshfwurpìwulh qhxwurqltxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 499
<1614 Sulqflsh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 499
<1615 Glvsrvlwli h{sìulphqwdo 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 49:
<1616 Hwdorqqdjh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:3
<1617 Hydoxdwlrq sdu vlpxodwlrqv ghv shuirupdqfhv 1 1 1 1 1 1 1 1 1 1 1 1 1 4:3
<17 Grvlpìwulh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:4
43 Frqfoxvlrq 4:8
D Sulqflsdx{ udglrìoìphqwv ìphwwhxuv gh qhxwurqv 4;<
9
Olvwh ghv jxuhv
514 Hyroxwlrq gh od vhfwlrq h!fdfh gh fdswxuh qhxwurqltxh ghv qr|dx{ gh Eruh
43 hq irqfwlrq gh o*ìqhujlh ghv qhxwurqv lqflghqwv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 55
515 Prgh gh irqfwlrqqhphqw ghv gìwhfwhxuv ã jd} hq irqfwlrq gh od whqvlrq
dssoltxìh dx{ eruqhv ghv ìohfwurghv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 56
516 Vfkìpd g*xq gìwhfwhxu ã jd} ã Kìolxp 6 ^Phfk :6` 1 1 1 1 1 1 1 1 1 1 1 1 1 59
614 Gìfdodjh gh Vwrnhv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6:
615 Vfkìpd ghv qlyhdx{ ìqhujìwltxhv srxu ohv ghx{ w|shv gh vflqwloodwhxuv lq0
rujdqltxhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 73
616 Vfkìpd ghv qlyhdx{ ìqhujìwltxhv proìfxodluhv h{soltxdqw ohv pìfdqlvphv
gh  xruhvfhqfh hw skrvskruhvfhqfh1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 78
617 Qrq olqìdulwì gh od uìsrqvh oxplqhxvh g*xq vflqwloodwhxu sodvwltxh qrq grsì
EF7331 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7<
714 Vshfwuh g*devruswlrq hw g*ìplvvlrq gx s0whuskhq|o gdqv oh f|forkh{dqh1 1 1 86
715 Vshfwuh g*devruswlrq hw g*ìplvvlrq gx SRSRS gdqv oh f|forkh{dqh1 1 1 1 1 87
716 Irupxoh gìyhorssìh gx s0whuskìq|o 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 87
717 Irupxoh gìyhorssìh gx SRSRS 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 88
718 Irupxoh gìyhorssìh gx vw|uëqh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 88
719 Irupxoh gìyhorssìh gx sro|vw|uëqh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 89
71: Irupxoh gìyhorssìh gx r0fduerudqh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 89
71; Vfkìpd gh o*dssduhloodjh gh glvwloodwlrq xwlolvì1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8;
71< Sodq gx prxoh ghvwlqì ã od uìdolvdwlrq gh vflqwloodwhxu 1 1 1 1 1 1 1 1 1 1 1 1 94
7143 Skrwrjudsklh g*xq vflqwloodwhxu sodvwltxh looxplqì sdu xqh odpsh X1Y1 1 1 1 94
7144 Glvsrvlwli gh phvxuh gh o*lqglfh rswltxh gx vflqwloodwhxu 1 1 1 1 1 1 1 1 1 1 1 95
7145 Dmxvwhphqw g*xqh frxueh gh Vhoophlhu dx{ phvxuhv gh o*lqglfh rswltxh g*xq
vflqwloodwhxu sodvwltxh grsì dx eruh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 96
7146 Vshfwuh IWLU gh o*ruwkr0fduerudqh glvvrxw gdqv oh sro|vw|uëqh 1 1 1 1 1 1 1 97
7147 Vshfwuh IWLU gx SRSRS 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 98
7148 Vshfwuh IWLU gx sro|vw|uëqh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 98
7149 Vshfwuh IWLU gx pìodqjh vflqwloodqw sro|vw|uëqh . s0whuskìq|o . SRSRS 98
714: Vshfwuh IWLU gx s0whuskìq|o 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 99
714; Vshfwuh IWLU gh o*ruwkr0fduerudqh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 99
714< Phvxuh gh od wudqvplvvlrq rswltxh g*xq vflqwloodwhxu sodvwltxh grsì dx eruh1 9:
7153 Glvsrvlwli xwlolvì srxu phvxuhu o*dwwìqxdwlrq gx pdwìuldx vflqwloodqw 1 1 1 1 9;
:
Olvwh ghv jxuhv
7154 Frpsdudlvrq ghv vshfwuhv gh  xruhvfhqfh gh vflqwloodwhxuv sodvwltxhv grsìv
rx qrq dx eruh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :4
7155 Vshfwuh UPQ
 
K gx vw|uëqh uìdolvì gdqv gx wroxëqh ghxwìuì 1 1 1 1 1 1 1 1 :5
7156 Irupxoh gx vw|uëqh hw gx sro|vw|uëqh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :5
7157 Vshfwuh UPQ
 
K gh o*ruwkrfduerudqh glvvrxw gdqv gx sro|vw|uëqh uìdolvì
gdqv gx wroxëqh ghxwìuì 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :6
7158 Vshfwuh UPQ
 
K gx r0fduerudqh uìdolvì gdqv gx wroxëqh ghxwìuì 1 1 1 1 1 1 :6
7159 Vshfwuh UPQ
 
K gx sro|vw|uëqh pìodqjì ã gx s0whuskìq|o hw gx SRSRS
uìdolvì gdqv gx wroxëqh ghxwìuì 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :7
715: Vshfwuh UPQ
 
K gx sro|vw|uëqh sxu uìdolvì gdqv gx fkoruriruph ghxwìuì
FGFo ! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :7
814 Frpsdudlvrq ghv sursulìwìv gh wudqvplvvlrq gh od uìvlqh ìodvwrpëuh hw gh
od judlvvh Grz Fruqlqj xwlolvìh1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :9
815 Vshfwuh g*devruswlrq gh o*Dowxjodvv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ::
816 Frxsh vfkìpdwltxh gx irqfwlrqqhphqw g*xq skrwrpxowlsolfdwhxu ^Skrwrqlv 33`1 :;
817 Uìsrqvh gh glìuhqwhv skrwrfdwkrghv hq irqfwlrq gh od orqjxhxu g*rqgh gh
od oxplëuh lqflghqwh ^Skrwrqlv 33`1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :<
818 Vfkìpd ìohfwurqltxh gx srqw glylvhxu YG457n 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :<
819 Glvsrvlwli h{sìulhphqwdo xwlolvì srxu whvwhu ohv glìuhqwv w|shv gh uhyíwhphqwv ;5
81: Lq xhqfh gx uhyíwhphqw vxu od txdqwlwì gh skrwrqv uhfxhloolv1 Ohv fdqdx{
vrqw sursruwlrqqhov dx{ qrpeuhv gh skrwrqv uhfxhxloolv1 1 1 1 1 1 1 1 1 1 1 1 ;6
81; Uì hfwdqfh gx pdwìuldx glxvdqw Odevskhuh ZUF09;3 ã edvh g*r{|gh gh
Edu|xp1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;6
81< Uìsrqvh whpsruhooh ghv vflqwloodwhxuv sodvwltxhv grsìv dx eruh vrxplv ã
xq  x{ gh ud|rqqhphqw qhxwurq 0 jdppd pìodqjì1 Vljqdo suryhqdqw gh od
g|qrgh G45 gx srqw glylvhxu1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;8
8143 Dmxvwhphqw dyhf xq prgëoh ã grxeoh h{srqhqwlhooh srxu xqh lpsxovlrq
suryhqdqw g*xq vflqwloodwhxu sodvwltxh grsì dx Eruh1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;9
914 Hyroxwlrq gx sdufrxuv ghv doskd hw ghv surwrqv gdqv xq vflqwloodwhxu sodv0
wltxh grsì dx Eruh rewhqx sdu vlpxodwlrq VULP 5333 ^]lhjohu <7` 1 1 1 1 1 ;;
915 Glvsrvlwli h{sìulphqwdo plv hq sodfh srxu frqqhfwhu oh vflqwloodwhxu dx{
idlvfhdx{ gh sduwlfxohv gh o*dffìoìudwhxu1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;;
916 Vshfwuh g*xqh vrxufh doskd g*Dpìulflxp 574 glvvrxwh gdqv xq vflqwloodwhxu
oltxlgh = o*Xowlpd Jrog 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;<
917 Vfkìpd gh o*dffìoìudwhxu Ydq gh Judd 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <4
918 H{hpsoh gh vshfwuh rewhqx dyhf od glrgh Vlolflxp srxu ghv surwrqv gh 5
PhY1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <5
919 Skrwr gh o*h{sìulhqfh phqìh dxsuëv gx Ydq gh Judd gh o*L1Q1V1W1Q1 1 1 1 <6
91: Vshfwuhv surwrqv rewhqxv srxu oh vflqwloodwhxu sodvwltxh grsì dx eruh gìyh0
orssì dx oderudwrluh +Vflqwloodwhxu JFR, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <6
91; Uìsrqvh gx vflqwloodwhxu gìyhorssì dx oderudwrluh +JFR, srxu ghv surwrqv
gh glìuhqwhv ìqhujlhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <7
;
Olvwh ghv jxuhv
91< Uìsrqvh gx vflqwloodwhxu EF787 srxu ghv surwrqv gh glìuhqwhv ìqhujlhv 1 1 <7
9143 Frpsdudlvrq ghv glìuhqwv vshfwuhv doskd rewhqxv srxu oh vflqwloodwhxu gì0
yhorssì dx oderudwrluh1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <:
9144 Vshfwuhv doskd srxu oh vflqwloodwhxu JFR gìyhorssì dx oderudwrluh 1 1 1 1 1 <:
9145 Vshfwuhv doskd srxu oh vflqwloodwhxu EF787 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <;
9146 Vshfwuhv doskd srxu oh vflqwloodwhxu qrq grsì DPFU\V0K 1 1 1 1 1 1 1 1 1 <;
9147 Dmxvwhphqw gh od orl gh Elunv dx{ grqqìhv doskd gx vflqwloodwhxu frpphufldo
EF787 hw ã fhoohv gx vflqwloodwhxu gìyhorssì dx oderudwrluh 1 1 1 1 1 1 1 1 1 434
9148 Dmxvwhphqw gh od orl gh Elunv dx{ grqqìhv srxu ohv surwrqv gx vflqwloodwhxu
frpphufldo EF787 hw gx vflqwloodwhxu gìyhorssì dx oderudwrluh 1 1 1 1 1 1 1 435
9149 Dmxvwhphqw gh od orl gh Elunv srxu ghv sduwlfxohv doskd = Frpsdudlvrq gh
wurlv vflqwloodwhxuv whvwìv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 436
914: Vshfwuh hq ìqhujlh g*xq vflqwloodwhxu sodvwltxh grsì dx eruh EF787 luudglì
sdu xq  x{ gh qhxwurqv wkhupltxhv lvvx g*xqh vrxufh g*DpEh wkhupdolvìh1 438
914; Frpsdudlvrq gx vshfwuh qhxwurqltxh rewhqx srxu xq vflqwloodwhxu sodvwltxh
qrq grsì hw xq vflqwloodwhxu sodvwltxh grsì dx eruh 1 1 1 1 1 1 1 1 1 1 1 1 1 439
:14 Vshfwuh gh Zdww grqqdqw od uìsduwlwlrq hq ìqhujlh ghv qhxwurqv vlpxoìv sdu
PFQS 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43<
:15 Pìwkrgh xwlolvìh srxu oh fdofxo gh o*dqjoh vrolgh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 443
:16 Jìrpìwulh gx glvsrvlwli vlpxoì srxu xqh vrxufh srqfwxhooh hw xq vflqwloodwhxu
f|olqgultxh +yxh hq frxsh,1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 444
:17 Rswlplvdwlrq gx gldpëwuh ghv f|olqguhv vlpxoìv srxu ghv gìwhfwhxuv gh
glìuhqwhv orqjxhxuv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 446
:18 Rswlplvdwlrq gh o*ìsdlvvhxu gx gìwhfwhxu sdudooìoìslsìgltxh srxu glìuhqwhv
orqjxhxuv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 446
:19 Rswlplvdwlrq gx gldpëwuh g*xq vflqwloodwhxu grsì dx eruh f|olqgultxh srxu
wkhupdolvhu o*hqvhpeoh ghv qhxwurqv lqflghqwv grqw oh vshfwuh hq ìqhujlh hvw
fhqwuì vxu 833 nhY hw v*ìwdoh mxvtx*ã 7 PhY1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 447
:1: Qrpeuh gh fkrfv qìfhvvdluhv srxu wkhupdolvhu xq qhxwurq hq irqfwlrq gh
vrq ìqhujlh lqflghqwh1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 448
:1; Whpsv qìfhvvdluh srxu tx*xq qhxwurq sdvvh g*xqh ìqhujlh gh 4 PhY ã xqh
ìqhujlh gh 58 phY gdqv xq vflqwloodwhxu sodvwltxh grsì dx eruh 1 1 1 1 1 1 1 449
:1< Gxuìh g*xqh fdswxuh g*xq qhxwurq gh 4 PhY gdqv xq vflqwloodwhxu sodvwltxh
grsì dx eruh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44:
:143 Fkurqrjudpph gh o*klvwrluh g*xq qhxwurq gdqv xq vflqwloodwhxu sodvwltxh
grsì dx Eruh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44;
:144 Jìrpìwulh gx glvsrvlwli gh gìwhfwlrq gh o*D1F1F1 vlpxoìh sdu PFQS 1 1 1 1 44<
:145 Frpsdudlvrq gh o*h!fdflwì gh gìwhfwlrq srxu ghv vflqwloodwhxuv grsìv dx
eruh hw ghv gìwhfwhxuv ã edvh g*Kìolxp 6 plv hq rhxyuh gdqv o*D1F1F1 1 1 1 453
:146 Glvsrvlwlrq ghv skrwrpxowlsolfdwhxuv hw gx vflqwloodwhxu vlpxoìh sdu oh frgh
gh fdofxo VWrI 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 456
:147 Lq xhqfh gx olhx gh jìqìudwlrq ghv skrwrqv vxu ohxu suredelolwì gh froohfwh
dx qlyhdx gh od skrwrfdwkrgh1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 457
<
Olvwh ghv jxuhv
:148 Vshfwuhv vlpxoìv sdu oh frgh gh fdofxo VWrI ghv fkdujhv jìqìuìhv dx qlyhdx
gx skrwrpxowlsolfdwhxu sdu ghv sduwlfxohv doskd gh glìuhqwhv ìqhujlhv1 1 1 458
:149 Vshfwuhv vlpxoìv sdu oh frgh gh fdofxo VWrI ghv fkdujhv jìqìuìhv dx qlyhdx
gx skrwrpxowlsolfdwhxu sdu ghv surwrqv gh glìuhqwhv ìqhujlhv1 1 1 1 1 1 1 1 459
:14: V|qrswltxh gx frxsodjh hqwuh oh frgh PFQS hw oh frgh gh fdofxo gh vflq0
wloodwlrq VWrI1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45:
:14; Vshfwuh vlpxoì lvvx g*xq vflqwloodwhxu sodvwltxh qrq grsì luudglì sdu ghv
qhxwurqv udslghv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45<
:14< Vshfwuh rewhqx srxu ghv doskd jìqìuìv dx fhqwuh gx vflqwloodwhxu1 1 1 1 1 1 1 45<
:153 Vshfwuh vlpxoì lvvx g*xq vflqwloodwhxu sodvwltxh grsì dx Eruh luudglì sdu xq
 x{ gh qhxwurqv udslghv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 464
:154 Vshfwuh rewhqx srxu ghv doskd gh 8/78 PhY lqwhudjlvvdqw gluhfwhphqw dyhf
xq vflqwloodwhxu sodvwltxh grsì dx Eruh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 464
:155 Frpsdudlvrq gx vshfwuh qhxwurqltxh g*xq vflqwloodwhxu sodvwltxh qrq grsì
hw g*xq vflqwloodwhxu sodvwltxh grsì dx Eruh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 465
;14 Vhfwlrq h!fdfh g*lqwhudfwlrq ghv jdppd dyhf o*Kìolxp 6 hq irqfwlrq gh ohxu
ìqhujlh1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 467
;15 Vhfwlrq h!fdfh g*lqwhudfwlrq ghv jdppd dyhf xq vflqwloodwhxu sodvwltxh
grsì ã 8 ( hq Eruh qdwxuho1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 467
;16 Rvfloorjudpph jìqìuì sdu xqh vrxufh doskd g*
 !"  
Dp lqwhudjlvvdqw vrxv ylgh
dyhf xq vflqwloodwhxu sodvwltxh grsì dx Eruh1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46;
;17 Rvfloorjudpph g*xqh vrxufh doskd g*
 !"  
Dp vrxv dlu1 1 1 1 1 1 1 1 1 1 1 1 1 1 46;
;18 Rvfloorjudpph gh od uìsrqvh g*xq vflqwloodwhxu sodvwltxh grsì dx Eruh oruv0
tx*lo hvw vrxplv ã xqh luudgldwlrq doskd +
 !"  
Dp, hw eìwd +Vu0\,1 1 1 1 1 1 1 46<
;19 Sulqflsh gh od glvfulplqdwlrq gh sduwlfxohv sdu od pìwkrgh gx sdvvdjh sdu
}ìur 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 474
;1: Vfkìpd gx glvsrvlwli gh glvfulplqdwlrq qhxwurq jdppd sdu od pìwkrgh gx
sdvvdjh sdu }ìur1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 475
;1; Glvfulplqdwlrq qhxwurq 0 jdppd plvh hq rhxyuh srxu xq vflqwloodwhxu sodv0
wltxh grsì dx eruh EF7871 Vrxufh DpEh qrq wkhupdolvìh1 1 1 1 1 1 1 1 1 1 475
;1< Glvfulplqdwlrq qhxwurq udslgh 0 jdppd sdu od pìwkrgh gx sdvvdjh sdu }ìur
srxu xq vflqwloodwhxu sodvwltxh qrq grsì1 Vrxufh DpEh qrq wkhupdolvìh1 1 1 476
;143 Vfkìpd gx glvsrvlwli h{sìulphqwdo plv hq rhxyuh srxu od pìwkrgh gh glv0
fulplqdwlrq gh sduwlfxohv glwh sdu frpsdudlvrq gh fkdujhv1 1 1 1 1 1 1 1 1 1 478
;144 V|qrswltxh gx surjudpph g*dftxlvlwlrq xwlolvdqw oh prgxoh Y798 1 1 1 1 1 479
;145 V|qrswltxh gx surjudpph g*dftxlvlwlrq xwlolvdqw oh prgxoh Y:<5 1 1 1 1 1 47:
;146 Uìsduwlwlrq whpsruhooh ghv vljqdx{ srxu od glvfulplqdwlrq qhxwurq 0 jdppd
sdu od pìwkrgh gh od frpsdudlvrq gh fkdujhv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47;
;147 Prqwdjh shuphwwdqw g*dpìolruhu ohv shuirupdqfhv gh glvfulplqdwlrq qhx0
wurq 0 jdppd gh od pìwkrgh gh od frpsdudlvrq gh fkdujhv1 1 1 1 1 1 1 1 1 1 47<
;148 Glvfulplqdwlrq sdu od pìwkrgh gh od frpsdudlvrq gh fkdujhv plvh hq rhxyuh
dyhf xq vflqwloodwhxu sodvwltxh grsì dx Eruh vrxplv ã xq  x{ pl{wh doskd
hw jdppd suryhqdqw g*xqh vrxufh g*Dpìulflxp 5741 1 1 1 1 1 1 1 1 1 1 1 1 1 483
43
Olvwh ghv jxuhv
;149 Vflqwloodwhxu sodvwltxh grsì dx Eruh vrxv ud|rqqhphqw jdppd vhxo1 Pì0
wkrgh gh glvfulplqdwlrq sdu frpsdudlvrq gh fkdujhv1 1 1 1 1 1 1 1 1 1 1 1 1 483
;14: Glvfulplqdwlrq qhxwurqv udslghv hw jdppd ã o*dlgh g*xqh fhooxoh gh gìwhf0
wlrq GHPRQ frqwhqdqw xq vflqwloodwhxu oltxlgh/ oh QH5461 1 1 1 1 1 1 1 1 1 485
;14; Vflqwloodwhxu sodvwltxh grsì dx Eruh vrxv  x{ pl{wh qhxwurqv udslghv hw
jdppd1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 486
;14< Vflqwloodwhxu sodvwltxh grsì dx Eruh vrxv  x{ pl{wh gh qhxwurqv wkhupltxhv
hw gh ud|rqqhphqw jdppd1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 486
;153 Fdv g*xq vflqwloodwhxu qrq grsì vrxplv ã xq  x{ pl{wh gh qhxwurqv wkhu0
pltxhv hw jdppd1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 486
;154 Rvfloorjudpph ghv vljqdx{ suryhqdqw gx glvsrvlwli ìohfwurqltxh gìfulw suì0
fìghpphqw1 Oh fdqdo 4 fruuhvsrqg ã od yrlh fkdujh wrwdoh/ oh fdqdo 5 ã od
yrlh fkdujh uhwdugìh hw oh fdqdo 6 uhsuìvhqwh od sruwh dxwrulvdqw oh frgdjh
ghv frqyhuwlvvhxuv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 487
;155 Vflqwloodwhxu sodvwltxh grsì dx Eruh vrxv ud|rqqhphqw jdppd vhxo1 Plvh
hq rhxyuh xwlolvdqw oh prqwdjh pl{wh dqdorjltxh hw qxpìultxh1 1 1 1 1 1 1 1 488
;156 Vflqwloodwhxu sodvwltxh grsì dx Eruh vrxv ud|rqqhphqw doskd hw jdppd
g*xqh vrxufh g*Dpìulflxp 5741 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 488
;157 Vflqwloodwhxu sodvwltxh grsì dx Eruh vrxv xq  x{ pl{wh gh qhxwurqv/ g*doskd
hw gh jdppd1 Glvfulplqdwlrq qhxwurq 0 doskd hw jdppd1 1 1 1 1 1 1 1 1 1 1 489
<14 Hyroxwlrq gh od phvxuh gh pxowlsolflwìv hq irqfwlrq gh od gxuìh gh ylh gx
qhxwurq gdqv od fhooxoh gh phvxuh1 Od ydohxu 433 >v uhsuìvhqwh ohv glvsrvlwliv
ã edvh g*Kìolxp 6 hw od ydohxu 43 >v uhsuìvhqwh ohv glvsrvlwliv xwlolvdqw ghv
vflqwloodwhxuv sodvwltxhv grsìv dx Eruh1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48<
<15 Hyroxwlrq ghv pxowlsolflwìv qhxwurqltxhv hq irqfwlrq gx udglrìoëphqw1 1 1 1 495
<16 Vfkìpd gx glvsrvlwli gh whvw suìolplqdluh shuphwwdqw gh phvxuhu ohv pxowl0
solflwìv qhxwurqltxhv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 496
<17 Prqwdjh gx glvsrvlwli shuphwwdqw gh phvxuhu ohv pxowlsolflwìv qhxwurqltxhv 496
<18 Glvsrvlwli h{sìulphqwdo xwlolvì srxu od plvh hq rhxyuh g*xqh euh vflqwloodqwh
grsìh dx Eruh1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 498
<19 Frpsdudlvrq ghv vshfwuhv rewhqxv srxu xqh euh rswltxh vflqwloodqwh grsìh
dx Eruh vrxplvh rx qrq ã xq  x{ gh qhxwurqv wkhupltxhv1 1 1 1 1 1 1 1 1 1 499
<1: Vfkìpd gx glvsrvlwli shuphwwdqw gh uìdolvhu xqh vshfwurpìwulh qhxwurqltxh
sdu od whfkqltxh gh od grxeoh fròqflghqfh1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 49;
<1; Fkurqrjudpph gx glvsrvlwli ìohfwurqltxh xwlolvì srxu uìdolvhu xqh vshfwur0
pìwulh qhxwurqltxh1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 49;
<1< Fkurqrjudpph gh od yrlh whpsruhooh gx glvsrvlwli gh vshfwurpìwulh qhxwur0
qltxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 49<
<143 Fkurqrjudpph dffxpxoì srxu od yrlh whpsruhooh1 Od gìfurlvvdqfh h{srqhq0
wlhooh ã sduwlu gh od yrlh gh gìfohqfkhphqw Fk7 gh o*klvwrjudpph dssdudñw
vxu fhwwh jxuh1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:3
<144 Vshfwuh qhxwurqltxh vlpxoì1 Hqhujlh ghv qhxwurqv ìjdoh ã 583 nhY1 1 1 1 1 1 4:4






Od jhvwlrq h!fdfh hw frkìuhqwh ghv gìfkhwv qxfoìdluhv hvw xq hqmhx lpsruwdqw srxu
uhqguh od surgxfwlrq g*ìqhujlh qxfoìdluh gxudeoh1 Ru od delolwì gx vwrfndjh gh fh w|sh gh
gìfkhwv gìshqg gh od frqqdlvvdqfh gh ohxuv sursulìwìv wdqw fklpltxhv txh udglrorjltxhv
sdu o*DQGUD
 
txl hvw o*rujdqlvph fkdujì gh ohxu jhvwlrq srxu od Iudqfh1 Hq hhw/ od
frqqdlvvdqfh suìflvh ghv txdqwlwìv g*dfwlqlghv suìvhqwhv gdqv ohv iþwv gh gìfkhwv hvw hvvhq0
wlhooh srxu oh fkrl{ g*xq vwrfndjh dssursulì1 Fhv gìfkhwv udglrdfwliv rqw suìdodeohphqw ìwì
frqglwlrqqìv sdu xq h{sorlwdqw qxfoìdluh txl hvw od FRJHPD1
!
hq Iudqfh1 Fhwwh vrflìwì
fdudfwìulvh o*dfwlylwì uìvlgxhooh ghv iþwv gh gìfkhwv sdu ghv phvxuhv qhxwurqltxhv hw gh
vshfwurpìwulh jdppd dydqw gh ohv hqyr|hu srxu vwrfndjh vxu oh vlwh gh o*DQGUD1
O*hqvhpeoh gh fh surmhw gh uhfkhufkh idlw o*remhw g*xqh frooderudwlrq hqwuh oh FHD1
"
hw
od FRJHPD1 dx vhlq g*xq Surjudpph g*Lqwìuíw Frppxq vxu ohv gìwhfwhxuv qhxwurqltxhv
sodqv gh judqghv vxuidfhv1 Hq hhw/ ohv xwlolvdwhxuv gh srvwhv gh phvxuhv qhxwurqltxhv rqw
ehvrlq gh gìwhfwhxuv d|dqw ã od irlv xqh h!fdflwì gh gìwhfwlrq lpsruwdqwh hw hqjhqgudqw
xqh idleoh gxuìh gh ylh gx qhxwurq gdqv od fhooxoh gh phvxuh1 Srxu phvxuhu dyhf suìflvlrq
fhv pdwlëuhv/ lo hvw qìfhvvdluh g*xwlolvhu ghv pìwkrghv glwhv gh fròqflghqfhv qhxwurqltxhv
wuëv vhqvleohv dx{ ghx{ sdudpëwuhv vxlydqwv/ ã vdyrlu/ o*h!fdflwì gh gìwhfwlrq hw od gxuìh
gh ylh gx qhxwurq gdqv oh gìwhfwhxu1 Ghx{ w|shv gh phvxuhv qhxwurqltxhv shxyhqw íwuh













Sx txl frqvwlwxhqw od pdwlëuh vvloh1 Ru oh frþw gh vwrfndjh ghv gìfkhwv hvw
irqfwlrq gh ohxu dfwlylwì uìvlgxhooh1 O*h{sorlwdqw grlw grqf glvsrvhu g*xq dssduhloodjh oxl
shuphwwdqw gh phvxuhu fhwwh dfwlylwì dyhf suìflvlrq gdqv ohv iþwv gh gìfkhwv vdqv vxuìydoxhu
o*dfwlylwì1 Wrxwh vxuìydoxdwlrq gh o*dfwlylwì frqgxlw ã ghv vxufrþwv olìv dx vwrfndjh qdo1
Oh GLPUL
)
/ oderudwrluh dx vhlq gxtxho v*hvw gìurxoìh fhwwh wkëvh/ frqêrlw hw uìdolvh ghv
glvsrvlwliv gh gìwhfwlrqv qxfoìdluhv edvìv vxu ohv wurlv idploohv gh gìwhfwhxuv = ohv gìwhfwhxuv
ã jd}/ ohv gìwhfwhxuv ã vhpl0frqgxfwhxuv hw ohv vflqwloodwhxuv1 Hq hhw/ oh gìyhorsshphqw
*
Djhqfh Qdwlrqdoh srxu od jhvwlrq ghv Gìfkhwv UDglrdfwliv
+
FRpsdjqlh JHqìudoh ghv PDwlëuhv qxfoìdluhv
,
Frpplvvduldw ã o*Hqhujlh Dwrpltxh
-
Gìsduwhphqw g*Lqvwuxphqwdwlrq hw gh Pìwurorjlh ghv Ud|rqqhphqwv Lrqlvdqwv
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gh v|vwëphv/ lqlwlì sdu ghv ehvrlqv lqgxvwulhov/ hvw xqh ghv sulqflsdohv plvvlrqv gh fh
oderudwrluh1
O*dssurfkh fkrlvlh srxu fhv wudydx{ gh uhfkhufkh frqvlvwh ã xwlolvhu/ srxu od gìwhf0
wlrq ghv qhxwurqv suryhqdqw ghv iþwv gh gìfkhwv/ ghv vflqwloodwhxuv sodvwltxhv grsìv dx
Eruh hq olhx hw sodfh ghv gìwhfwhxuv ã jd} ã edvh g*Kìolxp 61 Fhv vflqwloodwhxuv rqw od
sursulìwì g*íwuh vhqvleohv ã od irlv dx{ qhxwurqv udslghv hw dx{ qhxwurqv wkhupltxhv1 Ghv
surjuëv vljqlfdwliv vrqw dlqvl dwwhqgxv wdqw vxu oh sodq gh o*h!fdflwì joredoh gh gìwhfwlrq
qhxwurqltxh txh vxu oh sodq gh od gxuìh gh ylh gx qhxwurq gdqv oh gìwhfwhxu1 Fhwwh wkëvh
sduwlflsh/ sdu o*ìwxgh píph gx pdwìuldx vflqwloodqw/ gh vrq grsdjh hw gh vd fdudfwìulvdwlrq/
ã od frqfhswlrq g*xq glvsrvlwli gh gìwhfwlrq qhxwurqltxh1 Od prgìolvdwlrq gx frpsruwh0
phqw qhxwurqltxh/ gh od jìqìudwlrq gh oxplëuh hw gh vrq wudqvsruw dx vhlq gx vflqwloodwhxu
d ìjdohphqw ìwì plvh hq rhxyuh1 Hqq/ ohv shuirupdqfhv gh gìwhfwlrq hw gh glvfulplqdwlrq
hqwuh oh ud|rqqhphqw qhxwurqltxh hw jdppd vrqw ìwxglìhv1
Od suhplëuh sduwlh gh fh wudydlo hvw frqvdfuìh dx{ pdwìuldx{ vflqwloodqwv/ ã ohxu ìwxgh/
ohxu ideulfdwlrq hw ohxu fdudfwìulvdwlrq wdqw fklpltxh/ rswltxh txh vwuxfwxuhooh1 Oh fkd0
slwuh LL udsshooh ohv glìuhqwv pìfdqlvphv g*lqwhudfwlrq ghv qhxwurqv dyhf od pdwlëuh1 Fhv
lqirupdwlrqv rulhqwhqw ohv srvvlelolwìv whfkqltxhv hqylvdjìhv srxu od uìdolvdwlrq gh gìwhf0
whxuv gh qhxwurqv1 Ohxuv shuirupdqfhv uhvshfwlyhv vrqw ìjdohphqw glvfxwìhv1 Oh fkdslwuh LLL
suìvhqwh oh sulqflsh gh od vflqwloodwlrq dlqvl txh oh skìqrpëqh g*ìplvvlrq gh oxplëuh gdqv
ohv pdwìuldx{ vflqwloodqwv wdqw lqrujdqltxhv tx*rujdqltxhv/ hw soxv vsìfltxhphqw gdqv ohv
vflqwloodwhxuv sodvwltxhv1 Oh fkdslwuh LY v*lqwìuhvvh ã od ideulfdwlrq hw dx grsdjh ghv vflq0
wloodwhxuv sodvwltxhv grsìv dx Eruh1 Fh fkdslwuh hvw ìjdohphqw frqvdfuì ã od fdudfwìulvdwlrq
rswltxh hw fklpltxh ghv vflqwloodwhxuv1
Od vhfrqgh sduwlh gh fh wudydlo frqvlvwh hq od uìdolvdwlrq gh glvsrvlwliv h{sìulphqwdx{
xwlolvdqw ghv vflqwloodwhxuv sodvwltxhv grsìv dx Eruh srxu od gìwhfwlrq qhxwurqltxh hw srxu
ohxu fdudfwìulvdwlrq vrxv ud|rqqhphqw1 Oh fkdslwuh Y suìvhqwh od plvh hq rhxyuh ghv vflq0
wloodwhxuv +skrwrpxowlsolfdwhxu xwlolvì/ uhyíwhphqwv/ hwf1,1 Oh fkdslwuh YL v*lqwìuhvvh soxv
sduwlfxolëuhphqw ã od fdudfwìulvdwlrq vrxv idlvfhdx{ gh sduwlfxohv qxfoìdluhv +surwrq hw do0
skd, ghv vflqwloodwhxuv sodvwltxhv grsìv rx qrq dx Eruh1 Fhv wudydx{ rqw shuplv gh phvxuhu
od uìsrqvh oxplqhxvh ghv vflqwloodwhxuv hw g*hq gìgxluh ohv frh!flhqwv gh oxplqhvfhqfh rx
frh!flhqwv gh Elunv srxu ohv vflqwloodwhxuv ìwxglìv1
Od wurlvlëph sduwlh gh fhwwh ìwxgh v*dwwdfkh ã gìyhorsshu od prgìolvdwlrq hw od vlpx0
odwlrq gh fhv vflqwloodwhxuv sodvwltxhv grsìv dx Eruh1 Oh fkdslwuh YLL suìvhqwh/ gdqv xq
suhplhu whpsv/ od vlpxodwlrq gh od uìsrqvh qhxwurqltxh gh fh w|sh gh gìwhfwhxu sdu frgh gh
fdofxo P1F1Q1S1
 
1 Fh wudydlo d shuplv g*rswlplvhu od jìrpìwulh ghv gìwhfwhxuv frpswh0whqx
ghv  x{ qhxwurqltxhv ã dqdo|vhu1 Gdqv xq vhfrqg whpsv/ od surgxfwlrq hw od sursdjdwlrq
ghv skrwrqv jìqìuìv sdu oh skìqrpëqh gh vflqwloodwlrq rqw ìwì vlpxoìhv juåfh ã xq frgh
gh fdofxo vsìfltxh1 Dq gh frqgxluh xqh vlpxodwlrq joredoh gh od uìsrqvh ghv vflqwlood0
whxuv oruvtx*lov vrqw vrxplv ã xq ud|rqqhphqw qhxwurqltxh/ xq frxsodjh hqwuh oh frgh gh
!
Prqwh Fduor Q0Sduwlfohv ^Eulhvphlvwhu <:`
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wudqvsruw qhxwurqltxh hw oh frgh gh jìqìudwlrq hw gh wudqvsruw gh oxplëuh d ìwì uìdolvì1
Ohv uìvxowdwv gh fhv vlpxodwlrqv vrqw glvfxwìv gdqv fh fkdslwuh hw frpsduìv ã fhx{ rewhqxv
h{sìulphqwdohphqw1
Od txdwulëph sduwlh gh fhwwh wkëvh v*lqwìuhvvh ã od phvxuh qhxwurqltxh sursuhphqw glwh1
Oh fkdslwuh YLLL h{srvh od plvh hq rhxyuh ghv pìwkrghv glvsrqleohv gh glvfulplqdwlrq
hqwuh ohv qhxwurqv hw ohv jdppd gdqv fhv vflqwloodwhxuv1 Ohv uìvxowdwv hqwuh fhv pìwkrghv
rqw ìwì udssurfkìv dq gh fkrlvlu od phloohxuh hq irqfwlrq ghv dssolfdwlrqv ylvìhv srxu
od gìwhfwlrq qhxwurqltxh1 Oh fkdslwuh L[ uìdolvh xqh uhyxh gh o*hqvhpeoh ghv dssolfdwlrqv
srxydqw phwwuh hq rhxyuh fh w|sh gh vflqwloodwhxuv1 Soxv sduwlfxolëuhphqw/ od srvvlelolwì gh
plvh hq rhxyuh gh fhv vflqwloodwhxuv grsìv vhud glvfxwìh srxu ohv glvsrvlwliv gh phvxuh ghv
pxowlsolflwìv qhxwurqltxhv txl vhuyhqw ã ìydoxhu od txdqwlwì g*dfwlqlghv uìvlgxhooh suìvhqwh





Od gìwhfwlrq ghv qhxwurqv
514 Remhfwli gh od phvxuh qhxwurqltxh
Ohv qhxwurqv vrqw xqh fdwìjrulh gh sduwlfxohv txl qh shxyhqw íwuh gìwhfwìhv tx*lqgl0
uhfwhphqw1 Hq hhw/ q*d|dqw sdv gh fkdujh ìohfwultxh/ ohv qhxwurqv qh shxyhqw lqwhudjlu
dyhf od pdwlëuh txh sdu fkrfv ìodvwltxhv/ lqìodvwltxhv rx sdu uìdfwlrqv gh fdswxuh dyhf ohv
qr|dx{ 1 Ru ohxu gìwhfwlrq hvw ylwdoh srxu o*h{sorlwdwlrq ghv uìdfwhxuv qxfoìdluhv hw fhooh
ghv xvlqhv gh uhwudlwhphqw1 Hq sk|vltxh irqgdphqwdoh/ ohxu suìvhqfh rx ohxu devhqfh vljqh
o*h{lvwhqfh gh sduwlfxohv +whov ohv qhxwulqrv ^Zdqj <<`, ^Kduyh| :<`1 Lov shuphwwhqw dlqvl
o*ìwxgh ghv vwuxfwxuhv sduwlfxolëuhv ghv qr|dx{ ^Exwd 33`1
Gdqv ohv xvlqhv ìohfwurqxfoìdluhv/ o*remhfwli gh od phvxuh qhxwurqltxh hvw grxeoh1 F*hvw
xqh phvxuh suìflvh qìfhvvdluh srxu oh frqwu÷oh 0 frppdqgh ghv uìdfwhxuv dq g*hq dvvxuhu
ohv sdudpëwuhv gh irqfwlrqqhphqw1 Pdlv/ f*hvw dxvvl xqh phvxuh lpsruwdqwh gh vþuhwì 0
vìfxulwì shuphwwdqw gh gìfohqfkhu/ hq fdv g*lqflghqwv rx g*dfflghqwv/ ohv glvsrvlwliv gh
vdxyhjdugh gx frhxu gx uìdfwhxu hw gh o*hqylurqqhphqw1
Gdqv ohv xvlqhv gh uhwudlwhphqw/ o*h{sorlwdqw grlw srxyrlu frqwu÷ohu/ wrxw dx orqj gx
uhwudlwhphqw/ od txdqwlwì g*dfwlqlghv suìvhqwh gdqv oh surfìgì srxu ghv udlvrqv gh vþuhwì
0 fulwlflwì1 Lo grlw/ hq rxwuh/ íwuh fdsdeoh gh wulhu ohv gìfkhwv hq irqfwlrq gh o*dfwlylwì ghv
iþwv tx*lo jìqëuh hq q gh surfìgì1 F*hvw gdqv fhwwh rswltxh tx*rqw ìwì gìyhorssìv ghv
srvwhv gh phvxuhv qhxwurqltxhv dfwliv hw sdvvliv vxu ohv vlwhv gh FRJHPD gh od Kdjxh
hw gh Pdufrxoh1 Vhxohv ohv phvxuhv qhxwurqltxhv sdvvlyhv vhurqw derugìhv dx frxuv gh fh
wudydlo1
515 Ruljlqh gx ud|rqqhphqw qhxwurqltxh
Ghx{ yrlhv gh surgxfwlrq vrqw srvvleohv srxu ohxu jìqìudwlrq =
 sdu vvlrq vsrqwdqìh rx lqgxlwh gh qr|dx{ orxugv/
 sdu uìdfwlrq gh fdswxuh/ sdu h{hpsoh gh w|sh +k/q, rx +s/q, vxu ghv qr|dx{ oìjhuv1
4:
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51514 Od vvlrq
Oh ud|rqqhphqw qhxwurqltxh qdwxuho surylhqw hvvhqwlhoohphqw gh od vvlrq gh qr|dx{
orxugv hq qr|dx{ soxv oìjhuv1 Fhuwdlqv qr|dx{ rqw od sursulìwì gh vh fdvvhu vsrqwdqìphqw
hq ghx{ sduwlhv dv|pìwultxhv/ oruv g*xq surfhvvxv txdolì gh vvlrq vsrqwdqìh1 Fh surfhv0
vxv fruuhvsrqg ã ghv qr|dx{ grqw oh udssruw
 !"
# hvw vxsìulhxu rx ìjdo ã 77 ^Hydqv 94`1 Od
glvwulexwlrq revhuyìh ghv pdvvhv grqqh hq pr|hqqh xq iudjphqw grqw od pdvvh vh vlwxh
dxwrxu gh <8 x1p1d1 hw xq dxwuh grqw od pdvvh vh wurxyh dxwrxu gh 473 x1p1d1 ã fdxvh ghv
hhwv gh uhpsolvvdjh gh frxfkhv1
Od vvlrq hvw txdolìh g*lqgxlwh vl hooh d ìwì hqjhqguìh sdu xqh froolvlrq hqwuh oh qr|dx
hw xq qhxwurq1 Vl oh qhxwurq glvsrvh g*xqh ìqhujlh lpsruwdqwh/ od vvlrq jìqëuh ghx{
surgxlwv grqw ohv pdvvhv vrqw wuëv surfkhv o*xqh gh o*dxwuh1 Fh w|sh gh vvlrq hvw txdolìh
gh v|pìwultxh1
Oruvtx*xq qr|dx g*Xudqlxp vvlrqqh/ txhotxhv qhxwurqv hw jdppd vrqw ìplv vlpxowd0




Od pxowlsolflwì gh fhwwh uìdfwlrq gh vvlrq grqqh/ gh idêrq vwdwlvwltxh/ oh qrpeuh gh qhx0
wurqv ìplv vlpxowdqìphqw sdu vvlrq1 Ohv ghx{ surgxlwv gh vvlrq qh vrqw sdv ìplv dx
uhsrv/ sxlvtx*lov glvsrvhqw/ ã hx{ ghx{/ g*hqylurq 493 PhY g*ìqhujlh vrxv iruph g*h{flwd0
wlrq ghv qr|dx{ hw g*ìqhujlh flqìwltxh1 Oruv gh ohxu uhwrxu ã o*ìwdw irqgdphqwdo/ fhv ghx{
iudjphqwv gh vvlrq yrqw ìphwwuh ghv qhxwurqv hw ghv jdppd vxu xqh ìfkhooh gh whpsv
doodqw gx gl{lëph gh vhfrqgh ã soxvlhxuv vhfrqghv1 Fhwwh ìplvvlrq gh sduwlfxohv hvw doruv
txdolìh gh uhwdugìh1 O*hqvhpeoh gh fhv qhxwurqv hw jdppd +surpswv hw uhwdugìv, shu0
phw gh fdudfwìulvhu ohv dfwlqlghv hw mrxh grqf xq u÷oh suìsrqgìudqw gdqv o*hqvhpeoh ghv
whfkqltxhv QGD +Qrq Ghvwuxfwlyh Dvvd|, ghv frolv gh gìfkhwv1
Od vvlrq vsrqwdqìh hvw xq surfhvvxv txdqwltxh txl lpsoltxh oh iudqfklvvhphqw g*xqh
eduulëuh gh srwhqwlho gh od sduw ghv iudjphqwv gh vvlrq1 Od kdxwhxu gh od eduulëuh gh
srwhqwlho ã iudqfklu hvw irqfwlrq gx ] hw gx D gx qr|dx frqvlgìuì1 Ohv wdx{ gh vvlrq srxu
ohv lvrwrshv dx{ qrpeuhv gh qhxwurqv hw gh surwrqv lpsdluv 0 sdluv hvw 43
!
soxv idleoh txh
fhoxl srxu ohv lvrwrshv dx{ qrpeuhv gh qhxwurqv hw gh surwrqv sdluv 0 sdluv/ hw/ 43
 
soxv
idleoh txh fhoxl srxu ohv lvrwrshv lpsdluv 0 lpsdluv1 Fhv glìuhqfhv lpsruwdqwhv vrqw gxhv
ã ghv hhwv gh vslq1
Hq hhw/ oh vslq qxfoìdluh grqw glvsrvh oh qr|dx txl yd vvlrqqhu/ oruvtx*lo hvw ã o*ìwdw
irqgdphqwdo/ grlw íwuh frqvhuyì píph dsuëv xqh vvlrq1 Ohv ruelwhv gh prphqwv dqjxodluhv
txdqwltxhv ghv qhxwurqv rx ghv surwrqv/ sulv lqglylgxhoohphqw/ rqw ghv ìqhujlhv glìuhqwhv
hq irqfwlrq gh o*ìwdw gh gìirupdwlrq gx qr|dx1 O*ìwdw g*ìqhujlh plqlpdoh srxu oh qr|dx
qrq gìirupì q*hvw/ wuëv vrxyhqw/ sdv o*ìwdw g*ìqhujlh plqlpdoh gx qr|dx gìirupì1 Gdqv oh
fdv g*xq qr|dx sdlu 0 sdlu/ grqw oh vslq ã o*ìwdw irqgdphqwdo hvw 3/ ohv sdluhv gh qhxwurqv
hw gh surwrqv vxu ohv ruelwhv ohv soxv h{fhqwuìhv shxyhqw frxsohu ohxu vslq vlpxowdqìphqw
hw dlqvl frqvhuyhu oh qlyhdx joredo gh vslq ìjdo ã }ìur píph oruv g*xq gìsodfhphqw yhuv
ghv qlyhdx{ ìqhujìwltxhv gx qr|dx soxv idleoh +f*hvw ã gluh píph oruv g*xqh gìirupdwlrq
gx qr|dx,1 Gdqv oh fdv gh qr|dx{ lpsdluv/ xq vhxo qhxwurq rx surwrq grlw rffxshu o*ruelwh
4;
5151 RULJLQH GX UD\RQQHPHQW QHXWURQLTXH
qxfoìdluh od soxv ìorljqìh gx qr|dx dq gh frqvhuyhu oh vslq qxfoìdluh joredo gx qr|dx/
pdojuì xqh ìqhujlh vxssoìphqwdluh glvsrqleoh1 Fhw hhw d srxu frqvìtxhqfh g*dxjphqwhu
od eduulëuh gh srwhqwlho hw gh uhqguh ohv lvrwrshv lpsdluv 0 sdluv hw sdluv 0 lpsdluv prlqv
vhqvleohv ã od vvlrq vsrqwdqìh txh ohv lvrwrshv sdluv 0 sdluv ^Uhloo| <4`1
Ohv lvrwrshv dyhf ghv qrpeuhv lpsdluv gh qhxwurqv rx gh surwrqv q*rqw sdv ghv uhqgh0
phqwv gh vvlrq vsrqwdqìh lpsruwdqwv1 Fhshqgdqw/ ohv lvrwrshv dyhf xq qrpeuh lpsdlu gh
qhxwurqv shxyhqw vvlrqqhu idflohphqw vrxv o*hhw g*xq erpedughphqw sdu ghv qhxwurqv
gh idleohv ìqhujlhv1 O*devruswlrq gh fh qhxwurq vxssoìphqwdluh fuìh xq qr|dx frpsrvì
grqw o*ìqhujlh g*h{flwdwlrq hvw wuëv surfkh gh od eduulëuh gh vvlrq1 O*Xudqlxp 568 hw oh
Soxwrqlxp 56< vrqw ghv qr|dx{ sdluv 0 lpsdluv txl shxyhqw vvlrqqhu wuëv idflohphqw v*lov
vrqw erpedugìv sdu ghv qhxwurqv wkhupltxhv/ doruv txh ohxu wdx{ gh vvlrq vsrqwdqìh hvw
wuëv idleoh1 Fhv lvrwrshv vrqw txdolìv gh vvlohv doruv txh ohv lvrwrshv sdluv 0 sdluv gx w|sh
Xudqlxp 56; hw Soxwrqlxp 573 vrqw txdolìv gh ihuwlohv fdu lov jìqëuhqw ghv qr|dx{ txl
vrqw hx{0píphv vvlohv
 
1 Sdu h{hpsoh/ oh wdx{ gh vvlrq vsrqwdqìh frqgxlw ã xqh ìplvvlrq




srxu oh Soxwrqlxp 573/ txl hvw gh orlq o*ìphwwhxu gh qhxwurqv oh
soxv frxudqw gdqv ohv gìfkhwv soxwrqliëuhv gh pr|hqqh dfwlylwì1
Dyhf o*dxjphqwdwlrq ghv wdx{ gh frpexvwlrq ghv dvvhpeodjhv/ oh
 !" "
Fp hvw dxmrxu0
g*kxl oh sulqflsdo ìphwwhxu qhxwurqltxh g*xq dvvhpeodjh luudglì1 Pdlv gdqv oh surfìgì gh
uhwudlwhphqw/ oh Fxulxp dyhf ohv dxwuhv dfwlqlghv plqhxuv +kruv Soxwrqlxp hw Xudqlxp,
hvw hqwudñqì gdqv ohv mxv gh surgxlwv gh vvlrq hw hvw ylwulì1 Dlqvl/ ohv gìfkhwv gh idleohv
hw pr|hqqhv dfwlylwìv vrqw jìqìudohphqw soxwrqliëuhv hw vdqv Fxulxp1
51515 Ohv uìdfwlrqv qxfoìdluhv
Fhuwdlqv lvrwrshv shxyhqw ìphwwuh ghv sduwlfxohv doskd1 Ohv qr|dx{ orxugv vrqw jì0
qìudohphqw ghv ìphwwhxuv doskd wrxw hq ìwdqw ghv fdqglgdwv srxu od vvlrq vsrqwdqìh1
O*dfwlylwì suryhqdqw gh od vvlrq vsrqwdqìh qh gìsdvvh mdpdlv txhotxhv srxufhqwv sdu
udssruw ã o*dfwlylwì doskd1 Ru ohv ìphwwhxuv doskd vrqw jìqìudohphqw pìodqjìv lqwlphphqw
dyhf ghv qr|dx{ oìjhuv whov o*R{|jëqh hw oh Ioxru1 Fhv qr|dx{ shxyhqw grqqhu olhx ã od












Fhv uìdfwlrqv qh vrqw srvvleohv txh vl od sduwlfxoh doskd glvsrvh gh vx!vdpphqw g*ìqhu0
jlh srxu iudqfklu od eduulëuh frxorpelhqqh1 O*h{suhvvlrq 2 grqqh o*ìqhujlh plqlpdoh grqw
grlyhqw glvsrvhu ohv doskd srxu srxyrlu iudqfklu fhwwh eduulëuh ìqhujìwltxh E hq whqdqw
frpswh gx ]  hw gx D  gx qr|dx fleoh1 Ohv sdudpëwuhv ]  hw D  fruuhvsrqghqw ã od
sduwlfxoh doskd1 Ohv sdudpëwuhv h hw u " vrqw uhvshfwlyhphqw od fkdujh gh o*ìohfwurq txl
ydxw 04/935143  
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Sx fh ghuqlhu hvw vvloh vsrqwdqìphqw1
4<
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Ohv uìdfwlrqv +k/q, shxyhqw vh surgxluh gdqv ohv frpsrvìv Xudqlxp hw Soxwrqlxp
oruvtx*lov vrqw vrxv iruph g*r{|ghv +SxR  / XR  , rx gh frpsrvìv  xruìv +XI " ,1 Ohv vrxufhv
gh qhxwurqv frxudqwhv DpEh hw DpOl vrqw edvìhv vxu fh píph w|sh gh uìdfwlrq hqwuh
ìphwwhxu doskd +ã vdyrlu o*Dpìulflxp, hw qr|dx fleoh oìjhu +ã vdyrlu oh Eìu|oolxp rx oh
Olwklxp,1
Oruvtxh od sduwlfxoh lqflghqwh hvw xq ud|rqqhphqw jdppd/ fhwwh uìdfwlrq qxfoìdluh hvw
xqh skrwrvvlrq1 Fh w|sh gh uìdfwlrq shuphw dlqvl gh jìqìuhu ghv qhxwurqv hq uìdolvdqw
ghv uìdfwlrqv gh w|sh +/q,1 Gdqv fh fdv/ o*ìqhujlh ghv jdppd lqflghqwv hvw whooh +oh vhxlo
ìqhujìwltxh vh vlwxh dxwrxu gh ; PhY, txh oh qr|dx txl devrueh oh ud|rqqhphqw qh glvsrvh
txh gh ghx{ srvvlelolwìv srxu uhwrxuqhu gdqv xq ìwdw ìqhujìwltxhphqw frpsdwleoh = vrlw
vvlrqqhu +f*hvw od skrwrvvlrq/ gdqv fh fdv/ rxwuh ohv qhxwurqv/ ghv surgxlwv gh vvlrq
vrqw ìjdohphqw ìplv gdqv fh fdv,/ vrlw ìphwwuh vsrqwdqìphqw xq rx soxvlhxuv qhxwurqv +lo
q*| d txh ghv skrwrqhxwurqv ìplv/ oh qr|dx qh vh vflqgh sdv hq ghx{ prufhdx{,1
516 Uìdfwlrqv srvvleohv srxu od gìwhfwlrq
Ohv qhxwurqv vrqw ghv sduwlfxohv qrq fkdujìhv gh pdvvh ìjdoh ã <6</88 PhY2f
 
1 Frpswh
whqx gh ohxu qhxwudolwì ìohfwultxh/ lov qh shxyhqw lqwhudjlu dyhf od pdwlëuh txh sdu fkrfv
ìodvwltxhv/ lqìodvwltxhv rx sdu fdswxuhv sdu ohv qr|dx{1 Od ydohxu gh od vhfwlrq h!fdfh
shuphw gh txdqwlhu od suredelolwì g*lqwhudfwlrq ghv qhxwurqv hq irqfwlrq gh ohxu ìqhujlh






Ghx{ w|shv sulqflsdx{ g*lqwhudfwlrq shxyhqw dyrlu olhx hqwuh ohv qhxwurqv hw od pdwlëuh/
ã vdyrlu ohv glxvlrqv +oh qhxwurq h{lvwh hqfruh dsuëv od uìdfwlrq, hw ohv devruswlrqv +oh
qhxwurq glvsdudñw gdqv od uìdfwlrq,1
Ohv glxvlrqv shxyhqw íwuh gh w|sh =
 Hodvwltxh = ohv qhxwurqv lqflghqwv hw glxvìv vrqw ohv píphv/ ã od shuwh hq ìqhujlh
suíw E? n $ ?n 1
 Lqìodvwltxh = oh qhxwurq lqflghqw glvsdudñw gdqv oh qr|dx fleoh hw oh qhxwurq glxvì
surylhqw gx fdslwdo gh qhxwurqv glvsrqleohv gdqv oh qr|dx fleoh E?n $ ? n 
#
1
Ohv devruswlrqv shxyhqw frqgxluh ã od surgxfwlrq =
 gh sduwlfxohv ìohfwurpdjqìwltxhv +uìdfwlrq gx w|sh +q/,,
 gh sduwlfxohv fkdujìhv +ìohfwurq/ surwrq/ ghxwrq/ doskd/ hwf1,
 gh sduwlfxohv qhxwuhv +uìdfwlrq gh w|sh +q/5q,/ +q/6q,/ hwf1,
 gh sduwlfxohv fkdujìhv orxughv frpph ohv surgxlwv gh vvlrq +fdv gh od vvlrq
lqgxlwh,1
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5161 UÌDFWLRQV SRVVLEOHV SRXU OD GÌWHFWLRQ
51614 Ohv glxvlrqv
Gdqv oh fdv ghv uìdfwlrqv gh glxvlrq ìodvwltxh/ o*ìqhujlh flqìwltxh wrwdoh gx frxsoh
qhxwurq lqflghqw hw qr|dx fleoh uhvwh lqfkdqjìh dydqw hw dsuëv od uìdfwlrq1 Srxu xq qhxwurq
g*ìqhujlh H/ od shuwh g*ìqhujlh gx qhxwurq {H gdqv xq pdwìuldx gh qrpeuh gh pdvvh D






Fhwwh h{suhvvlrq prqwuh elhq txh srxu udohqwlu ohv qhxwurqv dyhf xq uhqghphqw
pd{lpxp +f*hvw ã gluh hq xq plqlpxp gh fkrfv,/ lo idxw xq pdwìuldx grqw oh D vrlw oh
soxv surfkh srvvleoh gh fhoxl gx qhxwurq +f*hvw ã gluh ìjdo ã 4,1 Dlqvl/ od shuwh pr|hqqh
g*ìqhujlh shxw dwwhlqguh vrq pd{lpxp/ ã vdyrlu
 
 / oruv gh od suhplëuh froolvlrq dyhf xq
qr|dx g*K|gurjëqh1 O*ìqhujlh uìvlgxhooh g*xq qhxwurq dsuëv q froolvlrqv hvw grqqìh sdu
o*h{suhvvlrq 5181 Frpswh whqx gh od vwuxfwxuh qxfoìdluh ghv qr|dx{ g*K|gurjëqh/ vhxohv
ohv glxvlrqv ìodvwltxhv shxyhqw dyrlu olhx1 Gh sduw o*devhqfh gh fkdujh ìohfwultxh/ od shuwh
g*ìqhujlh ghv qhxwurqv hvw olìh ã xq surfhvvxv vwdwlvwltxh gh froolvlrq d|dqw xqh fhuwdlqh
suredelolwì g*dssdulwlrq glfwìh sdu ohv vhfwlrqv h!fdfhv gh uìdfwlrq1 Lo idxw hqylurq 4; fkrfv
vxu ghv qr|dx{ g*K|gurjëqh ã xq qhxwurq srxu sdvvhu gh 5 PhY ã 58 phY g*ìqhujlh
flqìwltxh1










Ghv lqwhudfwlrqv dyhf ghv qr|dx{/ who oh Fduerqh/ shxyhqw íwuh ìjdohphqw hqylvdjìhv1
Fhshqgdqw/ od shuwh g*ìqhujlh hvw idleoh gdqv fhv fdv/ ã fdxvh gx wurs judqg ìfduw hqwuh oh
qrpeuh gh pdvvh gx Fduerqh hw fhoxl gx qhxwurq1 Lo idxw grqf qhwwhphqw soxv gh fkrfv
hqwuh oh qhxwurq lqflghqw hw od pdwlëuh srxu oh udohqwlu1
Od gìwhfwlrq gx qhxwurq v*hhfwxh gdqv oh fdv ghv glxvlrqv sdu gìwhfwlrq gx qr|dx
fleoh glw gh uhfxo1 Hq hhw/ fh qr|dx hvw vrxyhqw fkdujì1 Od gìwhfwlrq gx qhxwurq sdvvh sdu
od froohfwh/ yld xq fkdps ìohfwultxh hw2rx pdjqìwltxh dgkrf/ gx rx ghv lrqv irupìv oruv gh
o*lqwhudfwlrq ud|rqqhphqw qhxwurqltxh 0 pdwlëuh1 Vl o*dssduhloodjh shuphw gh gìwhuplqhu
od glvwulexwlrq hq ìqhujlh gx rx ghv qr|dx{ gh uhfxo/ lo hvw doruv srvvleoh g*hq gìgxluh od
glvwulexwlrq lqlwldoh hq ìqhujlh gx qhxwurq lqflghqw1 Lo v*djlw doruv g*xqh phvxuh joredoh
uìdolvìh vxu o*hqvhpeoh ghv fkrfv txh uìdolvh oh qhxwurq1
51615 Ohv fdswxuhv
Ohv suredelolwìv gh fdswxuh ghv qhxwurqv sdu ohv qr|dx{ gìshqghqw/ hqwuh dxwuh/ gh
o*ìqhujlh gx qhxwurq1 G*xqh idêrq jìqìudoh/ od suredelolwì gh fdswxuh sdu ohv qr|dx{ hvw
g*dxwdqw soxv ìohyìh txh od ylwhvvh/ grqf o*ìqhujlh/ gx qhxwurq hvw idleoh +Fi1 jxuh 514,1
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FKDSLWUH 51 OD GÌWHFWLRQ GHV QHXWURQV
Od olvwh vxlydqwh grqqh txhotxhv h{hpsohv sdupl ohv uìdfwlrqv ohv soxv frxudqwhv srxydqw
íwuh xwlolvìhv srxu od gìwhfwlrq ghv qhxwurqv wkhupltxhv1 Ohv qhxwurqv vrqw glwv wkhupltxhv
oruvtxh ohxu ylwhvvh hvw ìtxlydohqwh ã fhooh tx*lov dxudlhqw juåfh xqltxhphqw ã o*djlwdwlrq
wkhupltxh +H@nW rü H hvw o*ìqhujlh gh od sduwlfxoh hq Mrxoh/ W od whpsìudwxuh hq Nhoylq
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r . h  +F1H1 ;3 nhY, +T@:/< PhY,






q $ qhxwurqv . iudjphqwv gh vvlrq 	 493 PhY
+ j !"#$%&'()*+,- ' 8;3 eduqv,
Énergie (MeV)














Ilj1 514= Hyroxwlrq gh od vhfwlrq h!fdfh gh fdswxuh qhxwurqltxh ghv qr|dx{ gh Eruh 43
hq irqfwlrq gh o*ìqhujlh ghv qhxwurqv lqflghqwv1
O*ìyroxwlrq gh od suredelolwì g*lqwhudfwlrq ydulh vhorq o*lqyhuvh gh od ylwhvvh1 Lo hvw grqf
suìiìudeoh gh udohqwlu ohv qhxwurqv sdu ghv uìdfwlrqv ìodvwltxhv +Fi1 ¢ suìfìghqw vxu ohv
glxvlrqv, dq gh pd{lplvhu o*h!fdflwì gh fdswxuh sdu oh plolhx gìwhfwhxu1
Frpph srxu ohv uìdfwlrqv gh glxvlrq/ od gìwhfwlrq qdoh ghv qhxwurqv v*hhfwxh sdu
od gìwhfwlrq ghv lrqv irupìv oruv gh od uìdfwlrq gh fdswxuh1
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5171 OHV GÌWHFWHXUV H[LVWDQWV
517 Ohv gìwhfwhxuv h{lvwdqwv
51714 Ohv gìwhfwhxuv ã jd}
Fhv gìwhfwhxuv irqfwlrqqhqw vxu oh sulqflsh g*xq frqghqvdwhxu f|olqgultxh grqw o*hvsdfh
frpsulv hqwuh o*dqrgh hw od fdwkrgh hvw uhpsol g*xq jd} txl shxw oxl0píph íwuh vhqvleoh
dx{ ud|rqqhphqwv ã gìwhfwhu1 Dq gh uhqguh fhv gìwhfwhxuv vhqvleohv dx{ qhxwurqv/ lo shxw
íwuh hqylvdjì gh idluh xq gìs÷w gh pdwìuldx{ vhqvleoh dx{ qhxwurqv wkhupltxhv +frpph/
sdu h{hpsoh/ oh Eruh 43 rx o*Xudqlxp 568, rx hqfruh gh ohv uhpsolu dyhf xq jd} vhqvleoh
dx{ qhxwurqv wkhupltxhv +frpph oh wul xruxuh gh Eruh/ EI  rx o*Kìolxp 6,1
Vhorq od frqjxudwlrq jìrpìwultxh ghv ìohfwurghv/ oh w|sh g*lvrodqw xwlolvì hw od glì0
uhqfh gh srwhqwlho suìvhqwh hqwuh o*dqrgh hw od fdwkrgh gx gìwhfwhxu/ fhoxl0fl qh irqfwlrqqh
sdv vrxv oh píph uìjlph1 Srxu fh txl frqfhuqh od gìwhfwlrq qhxwurqltxh/ vhxov ghx{ irqf0
wlrqqhphqwv vrqw dssolfdeohv/ ã vdyrlu oh uìjlph gh irqfwlrqqhphqw hq fkdpeuh g*lrqlvdwlrq
hw fhoxl hq frpswhxu sursruwlrqqho1 Ohv glìuhqwhv }rqhv gh irqfwlrqqhphqw vrqw suìvhq0
wìhv vxu od jxuh 515 Vxu fhwwh jxuh/ ohv uìsrqvh revhuydeohv srxu ghv doskd hw ghv eíwd
vrqw ìjdohphqw frpsduìhv1 Od uìsrqvh gxh dx{ sduwlfxohv doskd hvw soxv lpsruwdqwh txh
fhooh gxh dx{ eíwd hq udlvrq gx iruw srxyrlu lrqlvdqw ghv sduwlfxohv doskd1
Ilj1 515= Prgh gh irqfwlrqqhphqw ghv gìwhfwhxuv ã jd} hq irqfwlrq gh od whqvlrq dssoltxìh
dx{ eruqhv ghv ìohfwurghv1
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 Ohv frpswhxuv sursruwlrqqhov irqfwlrqqhqw vhorq oh sulqflsh gh o*dydodqfkh gh
Wrzqvhqg txl hvw orfdolvìh dx yroxph gh jd} suëv gh o*dqrgh1 Hooh hvw lqgxlwh sdu





Fh fkdps ìohfwultxh hvw g*dxwdqw soxv iruw txh oh gldpëwuh gh o*dqrgh hvw idleoh +gh
o*ruguh gh 53 >p, ^Nqroo ;<`1 Hq hhw/ oh fkdps " ydulh hq irqfwlrq gx ud|rq o frpph
"Eo '
 
 !"#$ % E
&
' 
rü T hvw od whqvlrq dssoltxìh hqwuh o*dqrgh hw od fdwkrgh/ @ hw K vrqw
uhvshfwlyhphqw oh ud|rq gh o*dqrgh hw fhoxl gh od fdwkrgh1
Od kdxwh whqvlrq dssoltxìh dx{ ìohfwurghv gx frpswhxu sursruwlrqqho shuphw xqh
dpsolfdwlrq sk|vltxh ghv fkdujhv fuììhv sdu o*lqwhudfwlrq ghv lrqv jìqìuìv oruv gh od
fdswxuh gx qhxwurq sdu oh pdwìuldx vhqvleoh1 O*dffìoìudwlrq ghv lrqv hw ghv ìohfwurqv/
lqlwldohphqw jìqìuìv/ hvw vx!vdqwh srxu tx*lov hqwudñqhqw ã ohxu wrxu xqh lrqlvdwlrq
gx jd} hw dlqvl od jìqìudwlrq gh fkdujhv1 Fhv ghuqlëuhv vrqw doruv froohfwìhv srxu
iruphu oh vljqdo qdo glvsrqleoh1 Fh prgh gh irqfwlrqqhphqw gx gìwhfwhxu shuphw
grqf g*dpsolhu oh vljqdo sk|vltxh lq vlwx1
 Od fkdpeuh g*lrqlvdwlrq qh glvsrvh sdv g*xqh glìuhqfh gh srwhqwlhooh hqwuh ohv
ìohfwurghv vx!vdqwh srxu hqwudñqhu xqh dydodqfkh gdqv oh gìwhfwhxu1 Ohv fkdujhv
fuììhv sdu o*lqwhudfwlrq ghv lrqv jìqìuìv sdu od fdswxuh gx qhxwurq sdu oh pdwìuldx
vhqvleoh vrqw vhxohphqw froohfwìhv juåfh dx fkdps ìohfwultxh1 Dxfxqh dpsolfdwlrq
q*hvw uìdolvìh dx vhlq píph gx gìwhfwhxu1
Srxu od gìwhfwlrq qhxwurqltxh/ flqt w|shv gh gìwhfwhxuv ã jd} vrqw glvsrqleohv =
 ohv frpswhxuv sursruwlrqqhov ã gìs÷w gh Eruh hqulfkl hq lvrwrsh 43/
+lov qh shxyhqw irqfwlrqqhu tx*hq prgh lpsxovlrqqho,
 ohv frpswhxuv sursruwlrqqhov ã EI ! /
+lov qh shxyhqw irqfwlrqqhu tx*hq prgh lpsxovlrqqho,
 ohv frpswhxuv sursruwlrqqhov ã Kìolxp 6/
+lov qh shxyhqw irqfwlrqqhu tx*hq prgh lpsxovlrqqho,




+hoohv shxyhqw irqfwlrqqhu hq prgh lpsxovlrqqho/ hq prgh  xfwxdwlrq hw hq prgh
frxudqw,
 ohv fkdpeuhv g*lrqlvdwlrq ã gìs÷w gh Eruh hqulfkl hq lvrwrsh 431
+hoohv shxyhqw irqfwlrqqhu hq prgh frxudqw,
Ohv frpswhxuv sursruwlrqqhov ã gìs÷w gh Eruh dlqvl txh ohv frpswhxuv sursruwlrqqhov ã
EI ! rx ã
!
Kh vrqw xwlolvìv gdqv ohv dssolfdwlrqv gh frqwu÷oh ghv gìfkhwv1 Lov vrqw ìjdohphqw
xwlolvìv vxu o*hqvhpeoh ghv Uìdfwhxuv ã Hdx Suhvvxulvìh +U1H1S1, iudqêdlv dq g*hq dvvxuhu
oh slorwdjh dx gìpduudjh/ dsshoì qlyhdx gh irqfwlrqqhphqw vrxufh1
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Ohv fkdpeuhv g*lrqlvdwlrq ã gìs÷w gh Eruh vhuyhqw dx slorwdjh ghv U1H1S1 iudqêdlv srxu
xq irqfwlrqqhphqw gx qlyhdx lqwhupìgldluh dx qlyhdx sxlvvdqfh +vhorq tx*hoohv vrlhqw rx
qrq frpshqvìhv ylv ã ylv gx ud|rqqhphqw jdppd,1
Ohv fkdpeuhv g*lrqlvdwlrq ã gìs÷w g*Xudqlxp vrqw xwlolvìhv gdqv ohv U1H1S1 iudqêdlv dq
gh uìdolvhu xqh fduwrjudsklh gx suro gh  x{ qhxwurqltxh gx frhxu1 Hoohv vrqw ìjdohphqw
hpsor|ìhv srxu oh slorwdjh ghv uìdfwhxuv h{sìulphqwdx{ hw ghv uìdfwhxuv hpedutxìv ã erug
ghv vrxv0pdulqv ã sursxovlrq qxfoìdluh1
Frpswh whqx gh ohxu judqgh vhqvlelolwì hw gh ohxu hqgxudqfh ylv ã ylv gx ud|rqqhphqw
jdppd/ ohv frpswhxuv xwlolvìv srxu oh frqwu÷oh ghv iþwv gh gìfkhwv udglrdfwliv vrqw ohv
frpswhxuv ã Kìolxp 61 Oh prgh gh irqfwlrqqhphqw hq frpswhxu sursruwlrqqho hvw gìwhu0
plqì sdu od qìfhvvlwì gh uìdolvhu xqh dpsolfdwlrq gx vljqdo sk|vltxh/ sxlvtxh od txdqwlwì
g*ìqhujlh glvsrqleoh gh od uìdfwlrq gh fdswxuh ghv qhxwurqv wkhupltxhv sdu ohv qr|dx{
g*Kìolxp 6 q*hvw sdv vx!vdqwh srxu lqgxluh xq vljqdo ìohfwultxh h{sorlwdeoh sdu od fkdñqh
gh phvxuh1 Hq hhw/ od uìdfwlrq qh jìqëuh txh ::3 nhY g*ìqhujlh txl vrqw sduwdjìv hqwuh
xq surwrq hw xq lrq Wulwlxp1
Fhv frpswhxuv vrqw wuëv vhqvleohv dx{ qhxwurqv wkhupltxhv1 Hq hhw/ od vhfwlrq h!fdfh
gh fdswxuh ghv qhxwurqv wkhupltxhv sdu ohv qr|dx{ g*Kìolxp 6 ydxw 865: eduqv1 Ohxu suhv0
vlrq gh irqfwlrqqhphqw vh vlwxh hqwuh 7 hw 43 eduv vhorq o*h!fdflwì gh gìwhfwlrq uhtxlvh sdu
ohv dssolfdwlrqv1 Hyhqwxhoohphqw gh o*Dujrq shxw íwuh dmrxwì ã o*Kìolxp dq gh glplqxhu
o*hhw gh sdurlv1 Ohxu vhqvlelolwì ydulh hqwuh 4; hw 483 frxsv sdu vhfrqgh hw sdu qhxwurq




/ vxlydqw ohxu jìrpìwulh/ hw ohxu eudqfkhphqw ã xq suìdpsolfdwhxu gh
fkdujh gìwhuplqì1 Fhv vhqvlelolwìv grqqìhv sdu oh frqvwuxfwhxu grlyhqw íwuh uhodwlylvìhv1 Hq
hhw/ fhwwh vhqvlelolwì wkìrultxh grlw íwuh glylvìh sdu 5 yrluh 6 vhorq o*hqylurqqhphqw +jìr0
pìwultxh hw2rx udglrorjltxh, rx vhorq od fkdñqh ìohfwurqltxh gdqv ohvtxhov ohv gìwhfwhxuv ã
Kìolxp 6 vrqw plv hq rhxyuh +suìdpsolfdwhxu gh fkdujh rx gh frxudqw,1 Frpswh whqx gh
ohxu vwuxfwxuh lov shxyhqw irqfwlrqqhu mxvtx*ã ghv gìelwv gh grvh pd{lpd gh 433 pJ|1k  
 
1
Ohv pìwkrghv gh glvfulplqdwlrq qhxwurq 0 jdppd srxu fhv gìwhfwhxuv frqvlvwhqw ã
dmxvwhu xq vhxlo gh glvfulplqdwlrq/ fruuhvsrqgdqw ã xqh fhuwdlqh dpsolwxgh gx vljqdo1 Dx
ghvvxv gh fh vhxlo/ o*hqvhpeoh ghv ìyëqhphqwv yxv vrqw frqvlgìuìv frpph ìwdqw ghv ìyë0
qhphqwv qhxwurqltxhv/ dx ghvvrxv gh fh vhxlo/ o*hqvhpeoh ghv ìyëqhphqwv vrqw frqvlgìuìv
frpph ìwdqw ghv ìyëqhphqwv jdppd ã uhmhwhu1 Dlqvl od glvfulplqdwlrq qhxwurq 0 jdppd
qh uhyíw sdv g*dqdo|vh qh gx vljqdo frpph fhod shxw íwuh oh fdv srxu ohv gìwhfwhxuv ã
vflqwloodwlrq +Fi1 fkdslwuh ; vxu od glvfulplqdwlrq gh sduwlfxohv gdqv ohv vflqwloodwhxuv sodv0
wltxhv grsìv dx Eruh,1 Fhshqgdqw/ q*ìwdqw vhqvleoh tx*dx{ qhxwurqv wkhupltxhv/ fh w|sh
gh gìwhfwhxuv grlw íwuh sodfì gdqv xqh vwuxfwxuh prgìudwulfh +jìqìudohphqw gx sro|ìwk|0
oëqh, dq gh wkhupdolvhu o*hqvhpeoh ghv qhxwurqv duulydqw vxu oh gìwhfwhxu1 Fh skìqrpëqh
gh wkhupdolvdwlrq d olhx hq ghkruv gx gìwhfwhxu fh txl d srxu hhw g*dxjphqwhu od gxuìh
gh ylh gx qhxwurq gdqv o*hqvhpeoh gh gìwhfwlrq1 Od glìuhqfh gh whpsv hqwuh od suhplëuh
lqwhudfwlrq gx qhxwurq gdqv oh prgìudwhxu hw od uìdfwlrq gh fdswxuh gx qhxwurq wkhupltxh
sdu xq qr|dx g*Kìolxp 6 hvw dsshoìh gxuìh gh ylh gx qhxwurq gdqv od fhooxoh gh gìwhfwlrq1
Fhwwh gxuìh gh ylh ydulh vhorq ohv frqjxudwlrqv jìrpìwultxhv uhwhqxhv hw plvhv hq rhxyuh1
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Ilj1 516= Vfkìpd g*xq gìwhfwhxu ã jd} ã Kìolxp 6 ^Phfk :6`
Hooh vh vlwxh dxwrxu gh 433 >v gdqv ohv fhooxohv gh phvxuh ìwxglìhv dx frxuv gh fhv wudydx{1
Ohv gìwhfwhxuv ã Kìolxp 6 shxyhqw dyrlu ghv jìrpìwulhv f|olqgultxhv gh judqgh orq0
jxhxu +mxvtx*ã 4 pëwuh gh orqjxhxu vhqvleoh1, +Fi1 jxuh 516,1 Rxwuh ohxu xwlolvdwlrq srxu oh
frqwu÷oh ghv iþwv gh gìfkhwv/ lov vhuyhqw ìjdohphqw ã g*dxwuhv dssolfdwlrqv frpph ghv ph0
vxuhv gh wdx{ g*kxplglwì rx gdqv ohv fkdñqhv gh gìpduudjh gh fhuwdlqv uìdfwhxuv qxfoìdluhv
h{sìulphqwdx{1
51715 Ohv gìwhfwhxuv vhpl0frqgxfwhxuv
Oh sulqflsh gh irqfwlrqqhphqw g*xq gìwhfwhxu vhpl0frqgxfwhxu frqvlvwh hq od jìqìud0
wlrq gh sdluhv ìohfwurqv 0 wurxv gluhfwhphqw rx lqgluhfwhphqw sdu oh ud|rqqhphqw qxfoìdluh
gdqv xqh }rqh sduwlfxolëuh gx gìwhfwhxu1 Fhwwh }rqh vh vlwxh hqwuh ohv ghx{ ìohfwurghv1 Hooh
hvw gìsoìwìh/ f*hvw ã gluh tx*lo q*| d soxv gh sruwhxuv gh fkdujhv glvsrqleohv1 Hooh shuphw/
frpswh whqx ghv sursulìwìv gx pdwìuldx vhpl0frqgxfwhxu lqwulqvëtxh rx h{wulqvëtxh/ gh
glvsrvhu g*xq iruw fkdps ìohfwultxh1 Fh fkdps ìohfwultxh shuphw od pljudwlrq dlvìh ghv
sdluhv ìohfwurqv 0 wurxv yhuv ohv ìohfwurghv dq gh jìqìuhu oh vljqdo ìohfwultxh xwlolvdeoh1 Fh
vljqdo grlw devroxphqw íwuh suìdpsolì oh soxv suëv srvvleoh gx gìwhfwhxu frpswh whqx gh
vd wuëv idleoh dpsolwxgh1
Doruv txh srxu xq gìwhfwhxu ã edvh g*xq vhpl0frqgxfwhxu lqwulqvëtxh +frpph oh gld0
pdqw,/ od }rqh gìsoìwìh hvw frpsulvh hqwuh ohv ghx{ ìohfwurghv1 Srxu xq vhpl0frqgxfwhxu
h{wulqvëtxh/ oh sulqflsh gh irqfwlrqqhphqw hvw fhoxl g*xqh glrgh/ f*hvw ã gluh txh od }rqh
gìsoìwìh vh vlwxh dx qlyhdx g*xqh mrqfwlrq SQ1 Vhorq oh qlyhdx gh srodulvdwlrq/ od }rqh
hvw soxv rx prlqv gìsoìwìh1 Od }rqh vhqvleoh gx gìwhfwhxu hvw g*dxwdqw soxv idflohphqw
gìsoìwìh txh shx gh sruwhxuv vrqw glvsrqleohv1 Oh grsdjh dxjphqwh oh qrpeuh gh sru0
whxuv glvsrqleohv hw grqf joredohphqw od frqgxfwlylwì gx vhpl0frqgxfwhxu h{wulqvëtxh1
Oruvtx*xq ud|rqqhphqw qxfoìdluh lqwhudjlw dyhf fhwwh mrqfwlrq/ ohv sdluhv ìohfwurqv 0 wurxv
dlqvl irupìhv vrqw udslghphqw froohfwìhv juåfh dx iruw fkdps ìohfwultxh txl | uëjqh1 Gh
od whqvlrq dssoltxìh gìshqg od ylwhvvh gh gìulyh ghv fkdujhv gdqv oh gìwhfwhxu hw grqf od
59
5171 OHV GÌWHFWHXUV H[LVWDQWV
fdsdflwì gx gìwhfwhxu ã uìsrqguh gh idêrq lpsxovlrqqhooh ã xqh vroolflwdwlrq suryhqdqw
g*xq ud|rqqhphqw qxfoìdluh1
Fhv gìwhfwhxuv qh vrqw vhqvleohv tx*dx{ sduwlfxohv vxvfhswleohv gh jìqìuhu xqh lrqlvdwlrq
gx plolhx/ lov qh vrqw grqf vhqvleohv tx*dx{ sduwlfxohv fkdujìhv1 Fhv sduwlfxohv fkdujìhv
shxyhqw suryhqlu gx plolhx h{wìulhxu rx íwuh jìqìuìhv dx vhlq píph gx gìwhfwhxu vxlwh ã
o*lqwhudfwlrq hqwuh od udgldwlrq lqflghqwh hw ohv qr|dx{ gx plolhx gìwhfwhxu1 Od gìwhfwlrq
ghv ud|rqv [ rx gx ud|rqqhphqw jdppd sdvvh sdu od uìdolvdwlrq g*hhw Frpswrq/ g*hhw
skrwrìohfwultxh rx g*hhw gh fuìdwlrq gh sdluhv vxu ohv fruwëjhv ìohfwurqltxhv ghv qr|dx{
frqvwlwxdqw oh pdwìuldx gìwhfwhxu1 Fh vrqw fhv ìohfwurqv dlqvl jìqìuìv txl lrqlvhqw oh plolhx
hw txl shxyhqw hqvxlwh íwuh gìwhfwìv hw jìqìuhu oh vljqdo xwloh1
Srxu uhqguh fh w|sh gh gìwhfwhxu vhqvleoh ã ghv sduwlfxohv qhxwuhv frpph ohv qhxwurqv/
lo idxw xwlolvhu xq frqyhuwlvvhxu txl wudqviruph ohv qhxwurqv hq surwrq gh uhfxo rx hq frxsohv
g*lrqv doskd hw Olwklxp1 Oh frqyhuwlvvhxu vh sodfh hqwuh oh idlvfhdx gh sduwlfxohv ã gìwhfwhu
hw od }rqh gìsoìwìh gx gìwhfwhxu vhpl0frqgxfwhxu1 Gx fkrl{ gx w|sh gh frqyhuwlvvhxu hw gh
vrq ìsdlvvhxu gìshqg od vhqvlelolwì qdoh gx gìwhfwhxu ã xqh fhuwdlqh jdpph g*ìqhujlh ghv
qhxwurqv lqflghqwv1 Fhshqgdqw/ frpswh whqx gx idleoh sdufrxuv ghv sduwlfxohv fkdujìhv
gdqv ohv pdwìuldx{ vrolghv/ od sduwlfxoh fkdujìh grlw íwuh fuììh od soxv surfkh srvvleoh
gh od }rqh gìsoìwìh rü v*hhfwxh uìhoohphqw od gìwhfwlrq gx ud|rqqhphqw lrqlvdqw1 Dlqvl
o*ìsdlvvhxu gx frqyhuwlvvhxu grlw uìsrqguh dx frpsurplv hqwuh xqh ìsdlvvhxu vx!vdqwh
srxu dyrlu xqh h!fdflwì gh gìwhfwlrq od phloohxuh srvvleoh hw xqh ìsdlvvhxu od soxv idleoh
srvvleoh srxu txh ohv lrqv +surwrqv gh uhfxo/ doskd/ Olwklxp rx surgxlwv gh vvlrq, sxlvvhqw
vruwlu gh fhwwh frxfkh hw sìqìwuhu gdqv od }rqh vhqvleoh gx gìwhfwhxu vhpl0frqgxfwhxu1
Frxudpphqw/ srxu uìdolvhu od gìwhfwlrq ghv qhxwurqv wkhupltxhv/ ghv gìs÷wv gh Eruh
43 rx gh Olwklxp 9 vrqw uìdolvìv gluhfwhphqw vxu od sduwlh vhqvleoh gx gìwhfwhxu1 Ghv gìs÷wv
ã edvh g*Xudqlxp 568 rqw ìjdohphqw ìwì dffrpsolv1 Gdqv fh fdv/ fh vrqw ohv surgxlwv gh
vvlrq txl vrqw gìwhfwìv sdu xqh glrgh Vlolflxp1 Ohv ìsdlvvhxuv gh fhv gìs÷wv vrqw gh o*ruguh
gh 4 >p1
Ohv dssolfdwlrqv lqgxvwulhoohv gh fhv gìwhfwhxuv vhpl0frqgxfwhxuv vrqw olìhv vxuwrxw dx{
ehvrlqv hq grvlpìwulh qhxwurq sruwdeoh hw shuvrqqhooh ^Dr|dpd <5`/ ^Uhiw ;;`/ ^Shwuloor <9`
hw ^Shwu ;;`1
51716 Ohv vflqwloodwhxuv
Fhv pdwìuldx{ rqw od sursulìwì g*ìphwwuh gh od oxplëuh oruvtx*lov vrqw vrxplv ã xq
ud|rqqhphqw qxfoìdluh1 Vhorq oh w|sh gh oldlvrqv fklpltxhv hw g*dwrphv txl ohv frpsrvhqw/
lov vrqw fodvvìv hq ghx{ idploohv = ohv lqrujdqltxhv +dpruskhv rx fulvwdoolqv, hw ohv rujd0
qltxhv1
Fhv ghx{ w|shv gh gìwhfwhxuv h{lvwhqw ã o*ìwdw vrolgh pdlv dxvvl ã o*ìwdw oltxlgh srxu
ohv vflqwloodwhxuv rujdqltxhv1 Od ghvfulswlrq gx sulqflsh gh ohxu irqfwlrqqhphqw hw gh ohxuv
fdudfwìulvwltxhv gìwdlooìhv ihud o*remhw gx fkdslwuh 61
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Ohv lqrujdqltxhv = Fh vrqw ghv vrolghv odujhphqw xwlolvìv hq gìwhfwlrq jdppd srxu
ghx{ udlvrqv sulqflsdohv ^Hlmn 34`1
 Lov rqw xqh wuëv erqqh h!fdflwì gh gìwhfwlrq ghv ud|rqqhphqwv juåfh ã ohxu iruwh
ghqvlwì1 Ohxu ] ìohyì ohv uhqg sduwlfxolëuhphqw vhqvleoh ã o*hhw skrwrìohfwultxh1 Lov
shuphwwhqw dlqvl gh uìdolvhu dlvìphqw gh od vshfwurpìwulh jdppd1
Fhuwdlqv yhuuhv vflqwloodqwv vrqw grsìv dx Olwklxp 9/ lvrwrsh gx olwklxp wuëv vhqvleoh
dx{ qhxwurqv wkhupltxhv1 Lov qh shuphwwhqw grqf gh qh gìwhfwhu txh ohv qhxwurqv
wkhupltxhv1
 Lov shxyhqw dyrlu gh jurv yroxph gh gìwhfwlrq/ srxu fh txl frqfhuqh ohv vflqwloodwhxuv
vhqvleohv dx{ ud|rqqhphqwv jdppd1
Ohxu sulqflsdo lqfrqyìqlhqw hvw g*íwuh k|jurvfrsltxh srxu qrpeuh g*hqwuh hx{ +frpph/
sdu h{hpsoh/ o*lrgxuh gh Vrglxp grsì dx Wkdoolxp rx QdL+Wo,,1 Lo idxw grqf tx*lov vrlhqw
frqglwlrqqìv gdqv ghv frqwdlqhuv vsìfldx{ ìwdqfkhv ã o*dlu pdlv d|dqw gh erqqhv sursulìwìv
gh uì h{lrq hw gh wudqvplvvlrq gh od oxplëuh1
Srxu od vshfwurpìwulh jdppd/ fh vrqw ohv vflqwloodwhxuv lqrujdqltxhv h{wulqvëtxhv txl
vrqw odujhphqw xwlolvìv/ frpph oh FvL+Wo, rx oh QdL+Wo,1 Ohv vflqwloodwhxuv lqwulqvëtxhv
frpph oh El  Jh  R ! " vrqw xwlolvìv hq udlvrq gh ohxu iruwh vhqvlelolwì dx{ jdppd +pdvvh
yroxpltxh gh :/46 j1fp  
 
ã frpsduhu ã 6/9: j1fp  
 
srxu oh QdL+Wo, hw ã 7/84 j1fp  
 
srxu
oh FvL+Wo,, hw suìvhqfh gx Elvpxwk dyhf xq ]@;61 Hq uhydqfkh/ ohxu uìvroxwlrq hq ìqhujlh




Od uìvroxwlrq hq ìqhujlh ghv slfv skrwrìohfwultxhv hvw w|sltxhphqw gh o*ruguh gh 8 (1 Od
qhvvh gh fhwwh vshfwurvfrslh q*dwwhlqw fhshqgdqw sdv ohv shuirupdqfhv rewhqxhv dyhf ghv
gìwhfwhxuv vhpl0frqgxfwhxuv ã edvh gh glrgh Jhupdqlxp k|shusxu +od uìvroxwlrq ghv slfv
skrwrìohfwultxhv hvw lqiìulhxuh ã 3/4 (,1 Ohv gìwhfwhxuv ã edvh gh Jhupdqlxp vxufodvvhqw
ohv vflqwloodwhxuv lqrujdqltxhv hq whuph gh uìvroxwlrq1 Ohv judqgv yroxph gh gìwhfwlrq vrqw
gl!flohphqw dffhvvleohv hq udlvrq gh ohxu frþw gh surgxfwlrq lpsruwdqw frqwudluhphqw dx{
vflqwloodwhxuv1
Frpswh whqx ghv idleohv uhqghphqw oxplqhx{ rewhqxv dyhf ohv vflqwloodwhxuv lqrujd0




ER  ,  =Fh`/
od gìwhfwlrq qhxwurq xwlolvh uduhphqw fh w|sh gh gìwhfwhxu vhxo1 Hq hhw/ fh w|sh gh gì0
whfwhxu hvw xwlolvì hq vdqgzlfk dyhf xq prgìudwhxu dq g*dxjphqwhu ohxu vhqvlelolwì dx{
qhxwurqv udslghv ^Pdxtxhvw <<`1 Oh plolhx gh wkhupdolvdwlrq hw oh plolhx gh gìwhfwlrq vrqw
glvvrflìv fh txl q*hvw sdv oh fdv dyhf ohv vflqwloodwhxuv sodvwltxhv grsìv dx Eruh1
"
Oh uhqghphqw gh vflqwloodwlrq hvw gh =
6;333 skrwrqv sdu PhY g*ìqhujlh gìsrvìh srxu oh QdL+Wo,
85333 skrwrqv sdu PhY g*ìqhujlh gìsrvìh srxu oh FvL+Wo,
;533 skrwrqv sdu PhY g*ìqhujlh gìsrvìh srxu oh EJR
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Ohv rujdqltxhv = Lov h{lvwhqw vrxv o*ìwdw vrolgh hw oltxlgh1
 Ohv vflqwloodwhxuv vrolghv vrqw dlvìphqw xvlqdeohv1 Lov v*dgdswhqw grqf idflohphqw dx{
jìrpìwulhv ghv glvsrvlwliv gh gìwhfwlrq1 Lov vrqw odujhphqw xwlolvìv gdqv ohv sruwltxhv
gh gìwhfwlrq dx vhlq ghv lqvwdoodwlrqv qxfoìdluhv1 Hq hhw/ ohxu iruwh h!fdflwì gh
gìwhfwlrq hw ohxu jìrpìwulh idêrqqdeoh ã yrorqwì hq irqw ghv gìwhfwhxuv gh judqghv
vxuidfhv erq pdufkì1 Ohxu lqfrqyìqlhqw pdmhxu hvw xqh shuwh gh ohxuv sursulìwìv rs0
wltxhv oruv gh ohxu ylhloolvvhphqw1 Ohv soxv xwlolvìv hw ohv soxv frqqxv gh fhv vflqwlood0
whxuv vrqw oh QH435
 
rx EF737 txl vrqw ghv surgxlwv glvsrqleohv dxsuëv gh Elfurq/
oldoh gx jurxsh Vdlqw Jredlq Yhuuhv hw Fulvwdx{1 Fhv vflqwloodwhxuv vrqw frqvwlwxìv
g*xqh edvh hq sro|ylq|owroxëqh rx hq sro|vw|uëqh hw gh xqh rx ghx{ dxwuhv proìfxohv
vflqwloodqwhv1
 Ohv vflqwloodwhxuv oltxlghv vrqw odujhphqw xwlolvìv oruv g*h{sìulhqfhv gh sk|vltxh qì0
fhvvlwdqw od gìwhfwlrq gh qhxwurqv hw od vìsdudwlrq gx vljqdo qhxwurqltxh gx euxlw
gh irqg +jìqìudohphqw jdppd,1 Hq hhw/ lov shuphwwhqw gh uìdolvhu dlvìphqw od glv0
fulplqdwlrq gh sduwlfxohv/ frqwudluhphqw dx{ vflqwloodwhxuv vrolghv rü od vìsdudwlrq
ghv vljqdx{ hvw soxv gìolfdwh1 Fhshqgdqw/ ohv frpsrvìv xwlolvìv srxu vflqwloohu/ hw qr0
wdpphqw oh vroydqw/ rqw jìqìudohphqw ghv srlqwv ìfodluv
!
edv1 Dxvvl/ ohv frqwudlqwhv
olìhv dx{ ulvtxhv lqfhqglhv shxyhqw íwuh xqh olplwdwlrq ã o*xwlolvdwlrq gh fh w|sh gh
vflqwloodwhxu hq hqylurqqhphqw lqgxvwulho1 Ohxu xwlolvdwlrq hq frqwdlqhu ohv uhqg iud0
jlohv idfh dx{ djuhvvlrqv suryhqdqw gh o*hqylurqqhphqw gdqv ohtxho lov vrqw plv hq
rhxyuh1 Sdu h{hpsoh/ od suìvhqfh g*r{|jëqh glvvrxw hvw wuëv qìidvwh ã od surgxfwlrq
gh oxplëuh/ o*r{|jëqh ìwdqw xq txhqfkhxu
 
wuëv h!fdfh +Fi1 fkdslwuh 7,1 Dlqvl/ fhv
vflqwloodwhxuv grlyhqw íwuh gìjd}ìv hw pdlqwhqxv ã o*deul gh o*dlu dpeldqw1
Frqwudluhphqw dx{ vflqwloodwhxuv lqrujdqltxhv/ fhv vflqwloodwhxuv vrqw ghv frpsrvìv iru0
whphqw k|gurjìqìv1 Lov qh vrqw grqf vhqvleohv tx*dx{ qhxwurqv udslghv sdu o*lqwhupìgldluh
gh glxvlrqv ìodvwltxhv +q/q,
 
1 Gh soxv/ vl fhv vflqwloodwhxuv vrqw grsìv vrlw dx Eruh vrlw
dx Jdgrolqlxp/ lov ghylhqqhqw ìjdohphqw vhqvleohv dx{ qhxwurqv wkhupltxhv1
51717 Frpsdudlvrq ghv glìuhqwv gìwhfwhxuv glvsrqleohv
Xqh suìvhqwdwlrq ghv glìuhqwv gìwhfwhxuv qhxwurqltxhv glvsrqleohv shuphw/ gdqv oh
sdudjudskh vxlydqw/ gh uìdolvhu xqh frpsdudlvrq hq whuph g*h!fdflwì gh gìwhfwlrq hw
gh grpdlqhv g*xwlolvdwlrq hqylvdjhdeohv1 Oh wdeohdx 514 frpsduh o*h!fdflwì gh gìwhfwlrq
qhxwurq hw od whqxh dx ud|rqqhphqw jdppd srxu glyhuv w|shv gh gìwhfwhxuv/ lo hvw h{wudlw
gh o*rxyudjh froohfwli gluljì sdu Uhloo| ^Uhloo| <4`1
"
Qxfohdu Hqwuhsulvh/ hqwuhsulvh d|dqw ìwì udfkhwìh sdu oh Jurxsh Vdlqw Jredlq
#
Qrwì SH/ f*hvw od whpsìudwxuh plqlpdoh ã odtxhooh lo idxw sruwhu/ gdqv ohv frqglwlrqv qrupdohv gh
suhvvlrq/ xq oltxlgh srxu txh ghv ydshxuv ìplvhv v*hq dpphqw dx frqwdfw g*xqh vrxufh g*ljqlwlrq1
!
Hoìphqw txl d od sursulìwì gh gìjudghu o*ìqhujlh ghv ìwdwv g*h{flwdwlrq ã ylh orqjxhv +rx ìwdwv wulsohwv,
vrxv iruph qrq udgldwlyh1
!
Sdu dexv gh odqjxdjh/ ohv glxvlrqv +q/q, vhurqw qrwìhv sdu od vxlwh glxvlrqv +q/s,1 Oh surwrq hvw od
sduwlfxoh shuphwwdqw od gìwhfwlrq lqgluhfwh gx qhxwurq1
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W|sh gh gìwhfwhxu Glphqvlrqv Qr|dx Hqhujlh H!fdflwì Whqxh dx{ jdppd
Vflqwloodwhxu sodvwltxh ìs @ 8 fp
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Wdeohdx 514= Frpsdudlvrq ghv glìuhqwv gìwhfwhxuv qhxwurqltxhv glvsrqleohv
O*hqylurqqhphqw jdppd gh o*dssolfdwlrq ylvìh srxu od gìwhfwlrq qhxwurq hvw xq idfwhxu
lpsruwdqw gdqv oh fkrl{ gx gìwhfwhxu1 Od iruwh h!fdflwì gh gìwhfwlrq ghv qhxwurqv srxu ohv
vflqwloodwhxuv rujdqltxhv v*dffrpsdjqh/ ìjdohphqw/ g*xqh wuëv iruwh vhqvlelolwì dx{ jdppd
+Fi1 fkdslwuh ;,1 Lo idxw whqlu frpswh ìjdohphqw gx ylhloolvvhphqw vrxv  x{ jdppd ghv
vflqwloodwhxuv1 Gdqv xqh dssolfdwlrq lqgxvwulhooh/ ohv prglfdwlrqv gh sursdjdwlrq gh od
oxplëuh hw od edlvvh gx uhqghphqw gh oxplqhvfhqfh grlyhqw íwuh frqvlgìuìhv frpph ghv
sdudpëwuhv lpsruwdqwv1
518 Dssolfdwlrqv gh od gìwhfwlrq qhxwurqltxh
51814 Frqwu÷oh 0 Frppdqgh ghv uìdfwhxuv
Ohv gìwhfwhxuv xwlolvìv srxu oh frqwu÷oh 0 frppdqgh grlyhqw uìsrqguh dx grxeoh remhfwli
g*dvvxuhu oh irqfwlrqqhphqw gx uìdfwhxu hw g*dvvxuhu od vìfxulwì gx uìdfwhxu hw gh vrq
hqylurqqhphqw hq ìylwdqw wrxwh gìulyh dfflghqwhooh1
O*lqvwuxphqwdwlrq qìfhvvdluh srxu oh frqwu÷oh 0 frppdqgh ghv uìdfwhxuv vh vlwxh h{0
fruh/ f*hvw ã gluh hq ghkruv gx frhxu1 Ohv frqglwlrqv hqylurqqhphqwdohv h{0fruh vrqw ohv
vxlydqwhv =












suìvhqwv gdqv oh frhxu,1












suìvhqwv gdqv oh frhxu,
 Whpsìudwxuh dxwrxu gh ;3 ã 433
!

+ã frpsduhu dx{ 653
!
 suìvhqwv gdqv oh frhxu,
D od oxplëuh gh fhv ydohxuv/ lo dssdudñw ìylghqw txh ohv gìwhfwhxuv xwlolvìv grlyhqw
íwuh urexvwhv ylv ã ylv gx ud|rqqhphqw jdppd hw shuphwwuh gh grqqhu ghv lqirupdwlrqv
deohv vxu oh ud|rqqhphqw qhxwurqltxh suìvhqw +lpdjh gx irqfwlrqqhphqw gx frhxu, pdo0
juì ohv frqglwlrqv hqylurqqhphqwdohv vìyëuhv1 Lov vrqw fdudfwìulvìv sdu xqh g|qdpltxh gh
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phvxuh wuëv odujh sxlvtx*lov grlyhqw srxyrlu vxlyuh o*dfwlylwì gx uìdfwhxu ghsxlv oh ql0
yhdx gìpduudjh +rx qlyhdx vrxufh, mxvtx*dx qlyhdx sxlvvdqfh1 Ohv glìuhqwv qlyhdx{ gh
irqfwlrqqhphqw g*xq uìdfwhxu vrqw =
 Skdvh gh gìpduudjh = gh 43   ã 43   ( gh od Sxlvvdqfh Qrplqdoh gx uìdfwhxu









Ohv gìwhfwhxuv xwlolvìv vrqw ghv frpswhxuv sursruwlrqqhov ã gìs÷wv gh Eruh srxu ohv
U1H1S1 iudqêdlv hw ghv frpswhxuv sursruwlrqqhov ã EI  srxu ohv U1H1S1 dpìulfdlqv1
 Uìjlph lqwhupìgldluh = gh 43   ã 433 ( gh od S1Q1 fh txl fruuhvsrqg ã xq  x{








1 Ohv gìwhfwhxuv xwlolvìv vrqw/ srxu
ohv U1H1S1 iudqêdlv hw dpìulfdlqv/ ghv fkdpeuhv g*lrqlvdwlrq ã gìs÷w gh Eruh frpshq0
vìhv ylv ã ylv gx ud|rqqhphqw jdppd1 Hq hhw/ ohv jdppd surylhqqhqw ghv uìdfwlrqv
gh vvlrq pdlv shxyhqw dxvvl suryhqlu gdqv fhuwdlqv fdv ghv gìfurlvvdqfhv udglrdf0
wlyhv ghv surgxlwv gh vvlrq jìqìuìv txl qh vrqw sdv uhsuìvhqwdwliv gh od sxlvvdqfh
hhfwlyh gx uìdfwhxu1 Ohv frqglwlrqv udglrorjltxhv gìshqghqw gh o*åjh gx frpexv0
wleoh frqvwlwxdqw oh frhxu hw gh vrq klvwrluh/ f*hvw ã gluh gh vrq wdx{ g*xwlolvdwlrq1
Fhv fkdpeuhv irqfwlrqqhqw hq prgh frxudqw hw qrq hq prgh lpsxovlrq frpph ohv
frpswhxuv1




( gh od S1Q1/ fh txl fruuhvsrqg ã xq  x{








1 Ohv gìwhfwhxuv xwlolvìv vrqw ghv
fkdpeuhv g*lrqlvdwlrq ã gìs÷w gh Eruh1 Frpswh whqx gx idlw txh ohv jdppd gìwhfwìv
vrqw lfl wuëv pdmrulwdluhphqw xqh lpdjh ghv uìdfwlrqv gh vvlrq dx píph wlwuh txh
ohv qhxwurqv/ lo q*| d soxv ehvrlq gh frpshqvhu oh gìwhfwhxu ylv ã ylv gx ud|rqqhphqw
jdppd1
Ohv gìwhfwhxuv qhxwurqltxhv suìvhqwv srxu oh frqwu÷oh 0 frppdqgh ghv uìdfwhxuv shu0
phwwhqw/ pdojuì ghv frqglwlrqv gh irqfwlrqqhphqw wuëv vìyëuhv/ g*dvvxuhu ohv sdudpëwuhv
gh vìfxulwì hw gh pdufkh rswlpdx{1
51815 Ohv dwholhuv gh phvxuhv qhxwurqv gh FRJHPD od Kdjxh
Od phvxuh qhxwurqltxh hvw wuëv lpsruwdqwh srxu o*h{sorlwdqw qxfoìdluh sxlvtx*hooh shu0
phw gh uìdolvhu oh frqwu÷oh gx surfìgì gh uhwudlwhphqw1 Vxu ohv vlwhv gh surgxfwlrq gh od
FRJHPD/ soxvlhxuv dwholhuv glvsrvhqw gh phvxuhv qhxwurqltxhv sdvvlyhv rx dfwlyhv1 D
wlwuh g*h{hpsohv/ wurlv dwholhuv vrqw suìvhqwìv lfl
Oh suhplhu vh vlwxh hq gìexw gh f|foh1 Oh vhfrqg hvw sodfì hq q gh f|foh1 Oh wurlvlëph
hvw hq q gh f|foh sdudooëoh/ sxlvtx*lo frqglwlrqqh ohv gìfkhwv jìqìuìv sdu o*h{sorlwdqw
oxl0píph oruv gx irqfwlrqqhphqw ghv lqvwdoodwlrqv1
4 0 Gëv ohxu duulyìh hq suryhqdqfh ghv fhqwudohv/ ohv dvvhpeodjhv frpexvwleohv vxelvvhqw
xq frqwu÷oh gh Exuq 0 Xs +frqwu÷oh gx wdx{ gh frpexvwlrq, txl hvw/ hqwuh dxwuhv/
xqh phvxuh joredoh gh o*dfwlylwì qhxwurqltxh hw xqh vshfwurpìwulh jdppd ã o*dlgh
g*xq fulvwdo gh Jhupdqlxp k|shusxu1 Gh o*hqvhpeoh gh fhv phvxuhv/ o*h{sorlwdqw hq
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gìgxlw qrwdpphqw od srvvlelolwì rx qrq g*dooìjhu ohv frqwudlqwhv frqfhuqdqw od fulwl0
flwì gxudqw oh wudlwhphqw gh fhw dvvhpeodjh1 Ghv srvwhv g*dqdo|vh uìdolvhqw ìjdohphqw
ghv phvxuhv gh qhxwurqv wrwdx{ wrxw dx orqj gx surfìgì1 Oh exw hvw g*dvvxuhu/ ã wrxv
ohv vwdghv gx surfìgì gh uhwudlwhphqw/ od vìfxulwì ylv ã ylv gx ulvtxh g*lqflghqwv gh
fulwlflwì1 O*hvvhqwlho gh o*dfwlylwì qhxwurq ghv gìfkhwv surylhqw gx Fxulxp grqw od
frqfhqwudwlrq gdqv oh frpexvwleoh ã uhwudlwhu hvw g*dxwdqw soxv judqgh txh oh wdx{
gh frpexvwlrq hvw lpsruwdqw1
5 0 O*Dwholhu gh Frpsdfwdjh ghv Frtxhv hw hperxwv +D1F1F1, lqwhuylhqw/ txdqw ã oxl/
hq q gh wudlwhphqw/ dx vwdgh rü od jdlqh d ìwì vìsduìh gx frpexvwleoh xvì1 Fhw
dwholhu uìdolvh doruv oh frpsdfwdjh/ sdu xqh suhvvh/ ghv jdlqhv flvdlooìhv ulqfìhv hw ghv













Hx +gìwhuplqdwlrq gh o*dfwlylwì eìwd,1 Xqh phvxuh qhxwurqltxh sdvvlyh
shuphw ìjdohphqw gh gìwhuplqhu ohv txdqwlwìv gh Fxulxp hw gh
!" !"
Sx suìvhqwhv1 Xqh






















dx{ qhxwurqv uhwdugìv1 O*dfwlylwì doskd hvw gìgxlwhv ghv glìuhqwhv frqwulexwlrqv gx
Fxulxp/ gh o*Xudqlxp hw gx Soxwrqlxp1 Xqh phvxuh gh o*dfwlylwì wrwdoh qhxwurq hvw
uìdolvìh gdqv fhw dwholhu hq q gh surfìgì/ dydqw hqwuhsrvdjh ghv iþwv1 O*hvvhqwlho gh
o*dfwlylwì gh fhv iþwv surylhqw gh surgxlwv gh vvlrq lqfuxvwìv gdqv ohv dvvhpeodjhv
hw txl q*rqw sdv ìwì glvvrxwv oruv gx surfìgì gh uhwudlwhphqw1
6 0 O*h{sorlwdwlrq g*xqh xvlqh gh uhwudlwhphqw lqgxlw od surgxfwlrq gh gìfkhwv glwv whfk0
qrorjltxhv tx*lo frqylhqw dx píph wlwuh txh ohv dxwuhv gh frqglwlrqqhu fruuhfwhphqw
srxu xq vwrfndjh dgìtxdw1 Fhwwh dfwlylwì hvw uìdolvìh ã o*xvlqh FRJHPD gh od Kdjxh
dx vhlq gh o*Dwholhu Gìfkhwv q
!
2 +D1G15,1 Gdqv fhw dwholhu/ vhxov wurlv srvwhv gh ph0
vxuhv phwwhqw hq rhxyuh xqh phvxuh gh pxowlsolflwì qhxwurqltxh1 Fh w|sh gh phvxuh
shuphw gh vìsduhu od frqwulexwlrq/ ã o*dfwlylwì qhxwurqltxh/ ghv uìdfwlrqv gh v0
vlrq vsrqwdqìh sdu udssruw dx{ uìdfwlrqv gh w|sh +k/q, +Fi1 fkdslwuh <,1 Hq hhw/
od pdmrulwì ghv frpsrvìv suìvhqwv gdqv ohv gìfkhwv vrqw ghv ìphwwhxuv doskd1 Ru
ghv ìoìphqwv oìjhuv vrqw ìjdohphqw suìvhqwv gdqv ohv iþwv gh gìfkhwv whfkqrorjltxhv
vrxv iruph gh op gh sro|ìwk|oëqh/ gh sro|surs|oëqh rx hqfruh gh owuhv hq fhoox0
orvh1 Dlqvl/ ghv uìdfwlrqv gh w|sh +k/q, shxyhqw dyrlu olhx1 Fhv qhxwurqv/ dlqvl ìplv/
grqqhqw xqh frqwulexwlrq ã o*dfwlylwì wrwdoh qhxwurqltxh pdlv qh grqqhqw dxfxqh
lqirupdwlrq vxu od txdqwlwì gh pdwlëuhv vvlohv uìvlgxhoohv suìvhqwhv gdqv ohv iþwv
gh gìfkhwv1 O*dwholhu D1G15 wudlwh xqltxhphqw ohv iþwv gh gìfkhwv whfkqrorjltxhv gh
453 olwuhv1 O*dfwlylwì udglrorjltxh gh fhv iþwv qh grlw sdv idluh soxv gh 5 pVy1k  
 
srxu
tx*lov vrlhqw dffhswìv1 Xqh irlv wudlwìv hw phvxuìv/ lov vrqw frxoìv gdqv xqh frtxh hq
eìwrq1
Ohv fhooxohv gh phvxuh qhxwurqltxh frxyuhqw dx plhx{ ohv 7 Z g*dqjoh vrolgh sdu ghv
vwuxfwxuhv hq sro|ìwk|oëqh gdqv ohvtxhoohv vrqw lqvìuìv ghv gìwhfwhxuv ã Kìolxp 61 O*remhfwli
hvw g*dyrlu xqh h!fdflwì jìrpìwultxh od soxv ìohyìh srvvleoh1 Oh qrpeuh gh gìwhfwhxuv ã
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jd} ã edvh g*Kìolxp 6 suìvhqwv vxu o*dwholhu D1F1F1 hvw gh o*ruguh gh 583/ doruv tx*lo q*hvw
txh gh 77 srxu o*dwholhu D1G15 srvwh 9 hw gh 69 srxu o*dwholhu D1G15 srvwh 491
Srxu ohv glvsrvlwliv gh phvxuh gh pxowlsolflwì qhxwurq/ od olplwh gh gìwhfwlrq hvw gdqv
ohv phloohxuv fdv gh 3/: ã 3/; pj gh Soxwrqlxp ìtxlydohqw U1H1S1
 
1 Oh srvwh 9 vdwxuh
ã sduwlu gh 4 j gh Soxwrqlxp ìtxlydohqw U1H1S1 gx idlw gh o*ìohfwurqltxh xwlolvdqw ghv
suì0dpsolfdwhxuv gh fkdujh1 Oh srvwh 49 shuphw gh phvxuhu mxvtx*ã txhotxhv fhqwdlqhv
gh judpph gh Soxwrqlxp ìtxlydohqw U1H1S1 juåfh ã o*xwlolvdwlrq gh suì0dpsolfdwhxuv gh
frxudqw1
Od gxuìh gh ylh gx qhxwurq gdqv fh w|sh gh fhooxoh gh phvxuh hvw gh o*ruguh gh 433 >v1
Gh soxv/ o*h!fdflwì wrwdoh qh gìsdvvh sdv 63 ã 65 ( hq phvxuh wrwdoh hw wrpeh ã 43 ( hq
phvxuhv fròqflghqwhv1 Ru/ srxu phvxuhu ohv pxowlsolflwìv qhxwurqltxhv +f*hvw ã gluh srxu
ìydoxhu od txdqwlwì g*dfwlqlghv uìvlgxhooh,/ lo hvw qìfhvvdluh g*dyrlu ã od irlv xqh h!fdflwì
gh gìwhfwlrq ìohyìh pdlv ìjdohphqw xqh gxuìh gh ylh gx qhxwurq od soxv idleoh srvvleoh1 Hq
hhw/ od phvxuh ghv pxowlsolflwìv lpsrvh od plvh hq fròqflghqfh whpsruhooh ghv ìyìqhphqwv
phvxuìv/ sxlvtx*lo v*djlw gh phvxuhu ohv qhxwurqv suryhqdqw gh od píph uìdfwlrq gh vvlrq
vsrqwdqìh/ ã vdyrlu % gdqv o*ìtxdwlrq 518151 Ohv surgxlwv gh vvlrq SI4 hw SI5 q*rqw sdv
xq sdufrxuv vx!vdqw srxu íwuh gìwhfwìv fdu lov vrqw iruwhphqw lrqlvdqwv1
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? +51815,
Oh qrpeuh gh qhxwurqv/ %/ ìplv oruv g*xqh uìdfwlrq gh vvlrq vsrqwdqìh gx Soxwrqlxp/
gìshqg gh od frpsrvlwlrq lvrwrsltxh hq Soxwrqlxp gx iþw gh gìfkhwv dqdo|vì1 Lo frqvwlwxh
od pxowlsolflwì gh od uìdfwlrq gh vvlrq1
51816 Udglrsurwhfwlrq 0 Frqwu÷oh gh od pdwlëuh vvloh
Od gìwhfwlrq ghv qhxwurqv uhyíw xq fdudfwëuh lpsruwdqw srxu od surwhfwlrq gx shuvrq0
qho wudydloodqw gdqv o*lqgxvwulh qxfoìdluh1 Gh od píph pdqlëuh txh ohv qhxwurqv shxyhqw
lqwhudjlu dyhf ohv gìwhfwhxuv/ lov shxyhqw fdxvhu ghv gìjåwv dx{ fhooxohv ghv íwuhv ylydqwv1
Hwuh hq phvxuh g*lqgltxhu od suìvhqfh rx o*devhqfh gh ud|rqqhphqw qhxwurqltxh hvw grqf
wuëv lpsruwdqw srxu oh shuvrqqho lqwhuyhqdqw hq suìvhqfh g*ìphwwhxuv qhxwurqltxhv1
Hq fdv g*luudgldwlrq dfflghqwhooh rx sìulrgltxh/ lo idxw íwuh hq phvxuh g*dvvxuhu xqh ìyd0
oxdwlrq gh od grvh uhêxh sdu oh shuvrqqho rx oh sxeolf1 F*hvw oh u÷oh mrxì sdu ohv grvlpëwuhv
shuvrqqhov rx g*dpeldqfh1 Fhwwh fdwìjrulh gh gìwhfwhxu grlw dvvxuhu/ dxvvl gëohphqw txh
srvvleoh/ xq uìvxowdw grvlpìwultxh srxu oh ud|rqqhphqw qhxwurqltxh wrxw hq ìwdqw ìtxl0
ydohqw dx{ wlvvxv kxpdlqv1
!
Srxu xq frpexvwleoh U1H1S1 vwdqgdug euþoì ã 63333 PZ1mrxu2wrqqh/ od frpsrvlwlrq lvrwrsltxh gx
Sx hvw od vxlydqwh =
4/6 ( gh
 !"!#
Sx+., :0; ( gh
 "#  
Sx+., ;043 ( gh
 "#$%
Sx 53 ( gh
 "#&'
Sx+., 93 ( gh
 !"!$
Sx
Vl oh frpexvwleoh d ìwì xwlolvì soxv txh oh qlyhdx vwdqgdug +soxv gh 63333 PZ1mrxu2wrqqh/ mxvtx*ã 78333
PZ1mrxu2wrqqh srxu ohv frpexvwleoh ohv soxv uìfhqwv,/ doruv od sursruwlrq ghv lvrwrshv pdutxìv dyhf xqh
furl{ +., hvw dxjphqwìh dx gìwulphqw ghv dxwuhv1 Wrxv fhv lvrwrshv vrqw vvlohv dyhf ghv pxowlsolflwìv
glìuhqwhv tx*lo frqylhqw gh frqqdñwuh +Fi1 fkdslwuh : frqfhuqdqw o*ìwxgh ghv pxowlsolflwìv qhxwurqltxhv,1
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Od flufxodwlrq ghv pdwlëuhv qxfoìdluhv hvw wuëv uìjohphqwìh1 Pdojuì wrxwhv ohv suìfdx0
wlrqv plvhv hq rhxyuh/ xq wud!f ghv pdwlëuhv vvlohv vh gìyhorssh1 Rxwuh od gdqjhurvlwì gh
fh w|sh gh pdwìuldx/ lo hvw fodlu tx*lov shxyhqw ìjdohphqw shuphwwuh od uìdolvdwlrq gh glvsr0
vlwliv gh ghvwuxfwlrq pdvvlyh1 F*hvw oh u÷oh g*djhqfhv lqwhuqdwlrqdohv whooh o*DLHD +Dwrplf
Lqwhuqdwlrqdo Hqhuj| Djhqf|, gh frqwu÷ohu od qrq suroliìudwlrq ghv pdwlëuhv hw ghv duphv
qxfoìdluhv1 Fhv pdwlëuhv ìwdqw ghv ìphwwhxuv qhxwurqltxhv/ ohv djhqfhv gh frqwu÷oh grlyhqw
grqf glvsrvhu g*dssduhlov gh phvxuh fdsdeohv gh gìwhuplqhu vl xq frolv vxvshfw frqwlhqw
rx qrq ghv pdwlëuhv ìphwwdqw ghv qhxwurqv1
51817 Prwlydwlrqv hw remhfwliv gh od wkëvh
Frpph suìvhqwìh suìfìghpphqw/ od phvxuh qhxwurqltxh ghv frolv gh gìfkhwv idleohphqw
dfwli rx wuëv idleohphqw dfwliv xwlolvh ghv gìwhfwhxuv ã Kìolxp 6 hqwrxuìv g*xqh pdwulfh gh
sro|ìwk|oëqh dq gh wkhupdolvhu o*hqvhpeoh ghv qhxwurqv lqflghqwv1
Ohv ghx{ lqfrqyìqlhqwv pdmhxuv gh fh w|sh gh fhooxoh gh gìwhfwlrq vrqw
 xqh shuwh gh frpswdjh gxh ã od glxvlrq ghv qhxwurqv gdqv od pdvvh gx wkhupdolvhxu
txl qdohphqw qh uhqfrqwuhqw sdv gh plolhx gìwhfwhxu/
 od gxuìh gh ylh gx qhxwurq hvw lpsruwdqwh ã fdxvh gh od vìsdudwlrq hqwuh oh plolhx
gìwhfwhxu hw oh plolhx wkhupdolvhxu1
O*remhw gh fh wudydlo hvw g*ìwxglhu od srvvlelolwì gh gìwhfwhu ghv qhxwurqv +udslghv hw
wkhupltxhv, juåfh ã o*xwlolvdwlrq gh vflqwloodwhxu sodvwltxh grsì dx Eruh1 Soxvlhxuv d{hv gh
uhfkhufkhv rqw ìwì lghqwlìv =
 O*h!fdflwì gh gìwhfwlrq hq qhxwurqv wkhupltxhv hvw vxvfhswleoh g*íwuh dpìolruìh
sdu udssruw dx{ gìwhfwhxuv ã edvh g*Kìolxp 61 Hq hhw/ od ghqvlwì hq qr|dx{ fleohv
wdqw srxu od wkhupdolvdwlrq txh srxu od fdswxuh hvw soxv lpsruwdqwh txh srxu xq
gìwhfwhxu ã jd} ã edvh g*Kìolxp 61
 Oh plolhx gìwhfwhxu ìwdqw lqwlphphqw píoì dx plolhx wkhupdolvhxu/ od gxuìh gh ylh
gx qhxwurq grlw íwuh soxv idleoh txh srxu ohv v|vwëphv ã edvh gh vwuxfwxuh hq sr0
o|ìwk|oëqh hw gh gìwhfwhxuv ã Kìolxp 61 Gëv tx*xq qhxwurq hvw wkhupdolvì/ lo q*d sdv
ã sdufrxulu xqh judqgh glvwdqfh dydqw gh uhqfrqwuhu xq qr|dx gh Eruh 43 frqwudl0
uhphqw dx{ vwuxfwxuhv ã edvh gh sro|ìwk|oëqh hw gh gìwhfwhxuv ã edvh g*Kìolxp 6/
rü xqh irlv wkhupdolvì/ oh qhxwurq grlw vruwlu gh od vwuxfwxuh wkhupdolvdwulfh srxu
dwwhlqguh oh gìwhfwhxu ã Kìolxp 61
 Ohv phvxuhv ghv pxowlsolflwìv qhxwurqltxhv v*hq wurxyhqw idflolwìhv1 Srxu fhod/
lo hvw qìfhvvdluh g*dyrlu ghv fhooxohv gh phvxuh dyhf xqh gxuìh gh ylh gx qhxwurq
od soxv idleoh srvvleoh1 Hq hhw/ fhwwh phvxuh whpsruhooh lpsoltxh od uìdolvdwlrq gh
fròqflghqfhv grqw od odujhxu ghv sruwhv whpsruhoohv hvw gluhfwhphqw olìh ã od gxuìh
gh ylh gx qhxwurq gdqv o*hqvhpeoh gh gìwhfwlrq1 Ru soxv fhv sruwhv whpsruhoohv vrqw
odujhv/ soxv od suredelolwì g*ìyëqhphqwv iruwxlwv hvw lpsruwdqwh1 Lo idxw grqf olplwhu
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od odujhxu gh fhv sruwhv whpsruhoohv dx vwulfw plqlpxp uhtxlv/ ã vdyrlu od gxuìh gh
ylh g*xq qhxwurq gdqv od fhooxoh gh phvxuh1
 Frpswh whqx gh fhv dydqwdjhv/ o*remhfwli qdo hvw g*dpìolruhu od gìwhfwlrq ghv
dfwlqlghv hw gh glplqxhu oh vhxlo gh gìwhfwlrq gh fhv pdwlëuhv1
 D fdxvh gh od vhqvlelolwì gh fhv vflqwloodwhxuv dx{ ud|rqqhphqwv jdppd/ lo idxw
hqylvdjhu oh gìyhorsshphqw hw od plvh hq rhxyuh gh pìwkrghv gh glvfulplqdwlrq
qhxwurq 0 jdppd dydqfìhv1
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Lo h{lvwh ghx{ idploohv gh vflqwloodwhxuv/ ohv rujdqltxhv +dyhf ghv oldlvrqv frydohqwhv hqwuh
hvvhqwlhoohphqw ghv dwrphv gh Fduerqh hw ghv dwrphv g*K|gurjëqh, hw ohv lqrujdqltxhv
+dyhf hvvhqwlhoohphqw ghv oldlvrqv lrqltxhv hqwuh dwrphv,1
61414 Orl gh Vwrnhv
Od orl gh Vwrnhv gìfulw oh gìfdodjh ìqhujìwltxh hqwuh ohv edqghv g*devruswlrq hw g*ìplv0
vlrq g*xq frpsrvì1 O*dssur{lpdwlrq fodvvltxhphqw dgplvh srxu oh gìfdodjh gh Vwrnhv
fruuhvsrqg ã b   !"#$!"%& '
b   b  
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Ilj1 614= Gìfdodjh gh Vwrnhv1
Ohv shuwhv sdu yrlh wkhupltxh g*xqh iudfwlrq gh o*ìqhujlh g*h{flwdwlrq vrqw ã o*ruljlqh gx
gìfdodjh gh Vwrnhv ^Sxhuwrodv <4` hw ^Ghvwuxho ;<`1 Hq dxjphqwdqw oh gìfdodjh gh Vwrnhv
6:
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g*xq frpsrvì/ od vìsdudwlrq hqwuh ohv slfv g*devruswlrq hw g*ìplvvlrq hvw dffhqwxìh1 Oh
uhqghphqw txdqwltxh joredo gh od proìfxoh hvw grqf dpìolruì1
61415 Vflqwloodwhxuv lqrujdqltxhv
Pìwkrghv g*rewhqwlrq
Fhv vflqwloodwhxuv vrqw ghv fulvwdx{ rewhqxv sdu ohv ghx{ pìwkrghv fodvvltxhv gh srxvvh
fulvwdoolqh ã vdyrlu/ od whfkqltxh glwh Euljgpdq hw fhooh glwh gh F}rfkudovnl1 Fhv ghx{
pìwkrghv lpsrvhqw dx pdwìuldx g*íwuh hq ixvlrq frqjuxhqwh/ f*hvw ã gluh txh od skdvh vrolgh
hw od skdvh oltxlgh grlyhqw dyrlu od píph frpsrvlwlrq1 Od txdolwì hw o*rulhqwdwlrq fulvwdoolqh
gx jhuph lqlwldwhxu vrqw ã od edvh gh od furlvvdqfh srxu od pìwkrgh gh F}rfkudovnl1 Dyhf
od pìwkrgh gh Euljgpdq/ od furlvvdqfh fulvwdoolqh shxw vh surgxluh hq suìvhqfh rx hq
o*devhqfh gh jhuph lqlwldwhxu1 Fhshqgdqw/ xq jhuph grlw wrxw gh píph íwuh xwlolvì oruv
g*xqh furlvvdqfh fulvwdoolqh xwlolvdqw od pìwkrgh gh Eulgjhpdq vl o*rulhqwdwlrq gx fulvwdo
hvw lpsruwdqwh srxu vrq xwlolvdwlrq qdoh1
Dyhf od pìwkrgh gh F}rfkudovnl/ oh fulvwdo srxvvh vxu xqh vxuidfh oleuh hw d xqh jìrpì0
wulh flufxodluh rx idfhwwìh vhorq od gluhfwlrq gx wludjh hw od v|pìwulh fulvwdoolqh gx pdwìuldx1
Srxu od pìwkrgh gh Euljgpdq/ oh fulvwdo srxvvh hq frqwdfw dyhf ohv sdurlv gx fuhxvhw hw
d grqf/ dx qdo/ od iruph gh fh fuhxvhw1 Gdqv o*xqh hw o*dxwuh pìwkrgh/ o*xwlolvdwlrq g*xq
jhuph hvw ìjdohphqw jdudqwh g*xqh erqqh uìsìwdelolwì ghv shuirupdqfhv ghv vflqwloodwhxuv1
Oh sulqflsdo lqfrqyìqlhqw gh fhv vflqwloodwhxuv lqrujdqltxhv/ txl vrqw gìglìv ã od gìwhf0
wlrq qhxwurqltxh/ hvw od gl!fxowì ã idluh furñwuh ghv fulvwdx{ gh judqghv glphqvlrqv srxu
xq frþw qrq surklelwli1 Gh soxv/ oruvtx*xq qhxwurq lqwhudjlw dyhf fh w|sh gh pdwìuldx{/
lo fuìh ghv odfxqhv1 Oruv g*luudgldwlrqv ã iruwhv grvhv/ ohv surfhvvxv gh uìfxsìudwlrq gh
fhv pdwìuldx{ vrqw soxv olplwìv txh srxu ohv vflqwloodwhxuv rujdqltxhv1 Lov vh gìjudghqw hq
shugdqw/ surjuhvvlyhphqw/ ohxuv sursulìwìv rswltxhv gh wudqvsduhqfh hw ohxu h!fdflwì gh
oxplqhvfhqfh1 Sdu frqwuh/ srxu od gìwhfwlrq ghv ud|rqqhphqwv jdppd/ ohv vflqwloodwhxuv
lqrujdqltxhv xwlolvìv shxyhqw dyrlu ghv glphqvlrqv lpsruwdqwhv frpph f*hvw oh fdv ghv
fulvwdx{ gh QdL+Wo,1 Gh soxv/ o*lqwhudfwlrq ud|rqqhphqw 0 pdwlëuh q*hqwudñqh txh ghv prx0
yhphqwv g*ìohfwurqv/ fh txl olplwh od gìjudgdwlrq gx fulvwdo vrxv  x{ jdppd sdu udssruw
ã xq  x{ qhxwurqltxh1
Ohv pdwìuldx{ xwlolvìv frpph vflqwloodwhxuv
Fhv vflqwloodwhxuv fulvwdoolqv h{lvwhqw vrxv ghx{ idploohv/ ohv vflqwloodwhxuv lqwulqvëtxhv
+w|sltxhphqw oh El  Jh  R ! " , hw ohv vflqwloodwhxuv h{wulqvëtxhv +w|sltxhphqw oh QdL+Wo,/
lrgxuh gh Vrglxp grsì dx Wkdoolxp,1 Elhq txh ehdxfrxs gh vflqwloodwhxuv lqwulqvëtxhv
sxlvvhqw íwuh xwlolvìv whov txhov +frpph/ sdu h{hpsoh/ oh El  Jh  R ! " txl srvvëgh xqh wuëv
erqqh wudqvsduhqfh ã vd sursuh orqjxhxu g*rqgh g*ìplvvlrq,/ lov vrqw vrxyhqw grsìv hw
iruphqw doruv ghv vflqwloodwhxuv h{wulqvëtxhv1 Hq hhw/ fhv grsdqwv/ rx fhqwuhv g*dfwlydwlrq/
shuphwwhqw gh prglhu od orqjxhxu g*rqgh g*ìplvvlrq ghv skrwrqv gh vflqwloodwlrq hw grqf
6;
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shuphwwhqw gh glplqxhu ohv sureoëphv g*dxwrdevruswlrq txl olplwhqw od sursdjdwlrq gh od
oxplëuh gdqv ohv vflqwloodwhxuv lqwulqvëtxhv1
H{fhswì oh El  Jh  R ! " / ehdxfrxs gh vflqwloodwhxuv lqrujdqltxhv vrqw k|jurvfrsltxhv1 Lov
vrqw vhqvleohv ã o*kxplglwì sulqflsdohphqw ã fdxvh gh ohxuv vwuxfwxuhv fulvwdoolqhv phwwdqw
hq uhodwlrq ghv lrqv hqwuh hx{ +w|sltxhphqw oh QdL rx oh FvL,1 Ru o*hdx d xq iruw frh!flhqw
gh glvshuvlrq/ fdudfwìulvdqw vd judqgh fdsdflwì ã glvvrxguh ohv vwuxfwxuhv fulvwdoolqhv edvìhv
vxu o*dvvhpeodjh g*lrqv hqwuh hx{1 Gëv txh o*hdx hqwuh hq frqwdfw dyhf fhv vwuxfwxuhv/ hooh
ohv gìwuxlw1
Soxv uìfhpphqw gh qrxyhdx{ w|shv gh yhuuhv vrqw dssduxv srxu od gìwhfwlrq jdppd/
w|sltxhphqw oh Ol\VlR =Fh
 !
hw oh OlOxVlR =Fh
 !
1 Fhv fulvwdx{ vrqw xq shx sduwlfxolhuv
sxlvtxh/ frqwudluhphqw dx QdL+Wo,/ fh vrqw ghv pdwulfhv gh frpsrvìv dyhf ghv oldlvrqv
hvvhqwlhoohphqw frydohqwhv1 Fhuwdlqhv oldlvrqv/ frpph \0R hw Ol0R rqw qìdqprlqv xq fd0
udfwëuh soxv lrqltxh1 Vl oh grsdjh hq Fìulxp gìsdvvh 4 (/ doruv lo frqylhqw gh sduohu gh
frpsrvìv hq vroxwlrqv vrolghv hw qrq soxv gh frpsrvìv pdwulflhov1
G*dxwuhv yhuuhv rqw ìwì gìyhorssìv srxu od gìwhfwlrq gh qhxwurqv wkhupltxhv/ fh vrqw
sulqflsdohphqw ghv yhuuhv grsìv dyhf gx Olwklxp 9 ^Hlmn 34` +fh vrqw ghv pìodqjhv gx
w|sh ++VlR " ,   !  +PjR,     +Do " R  ,   !  +
 
OlR " ,   !  , rx ghv vflqwloodwhxuv h{wulqvëtxhv gx w|sh
OlL+Hx,1 G*dxwuhv fulvwdx{ rqw ìjdohphqw ìwì ideultxìv ã edvh gh Jdgrolqlxp gx w|sh
Jg  Jd ! R ! " rx ghv ruwkrvlolfdwhv grsìv dx Fìulxp gh w|sh JVR gh irupxoh fklpltxh
+Jg " VlR ! =Fh, ^Uhhghu <7`1
Od vflqwloodwlrq gdqv ohv pdwìuldx{ lqrujdqltxhv
Oh surfhvvxv gh jìqìudwlrq gh oxplëuh gdqv ohv vflqwloodwhxuv lqrujdqltxhv hvw frpsoë0
whphqw glìuhqw gh fhoxl plv hq rhxyuh gdqv ohxuv krprorjxhv rujdqltxhv1 Joredohphqw/
o*h{flwdwlrq gx uìvhdx fulvwdoolq +vrxv iruph g*lrqlvdwlrq/ g*h{flwrqv rx gh skrqrqv, hq0
wudñqh od jìqìudwlrq gh skrwrqv dx qlyhdx gh fhqwuhv shuphwwdqw od uhfrpelqdlvrq g*ìohf0
wurqv hw gh wurxv/ vhorq ohv píphv sulqflshv plv hq rhxyuh srxu ohv gìwhfwhxuv ã edvh gh
vhpl0frqgxfwhxuv +Fi1 jxuh 615,1 Od suìvhqfh gdqv oh jds gh qlyhdx{ ìqhujìwltxhv vxs0
soìphqwdluhv/ gxv ã od suìvhqfh g*dwrphv gh grsdqwv rx fhqwuhv dfwlydwhxuv/ hqwudñqh xqh
glplqxwlrq gh o*ìqhujlh ghv skrwrqv ìplv/ fh txl d srxu hhw g*dxjphqwhu ohxu orqjxhxu
g*rqgh1 Hwdqw orlq gh od }rqh g*devruswlrq sursuh gx pdwìuldx vflqwloodqw/ ohv skrwrqv dlqvl
uì0ìplv rqw xq oleuh sdufrxuv pr|hq soxv lpsruwdqwv gdqv oh pdwìuldx{ txh v*lo q*| dydlw
sdv fhv dwrphv dfwlydwhxuv1
Ohv ìohfwurqv hw ohv wurxv jìqìuìv uhvshfwlyhphqw gdqv od edqgh gh frqgxfwlrq hw od
edqgh gh ydohqfh shxyhqw vh gìsodfhu lqgìshqgdpphqw ohv xqv ghv dxwuhv/ fh txl q*hvw sdv
oh fdv srxu ohv h{flwrqv
"
rü o*ìohfwurq hw oh wurx dssdulì vh gìsodfhqw hqvhpeoh1
#
Xq h{flwrq hvw xqh sdluh ìohfwurq0wurx txl vh frpsruwh frpph xqh h{flwdwlrq dwrpltxh vh sursdjhdqw
gh surfkh hq surfkh dx vhlq g*xq vhpl0frqgxfwhxu1
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Ilj1 615= Vfkìpd ghv qlyhdx{ ìqhujìwltxhv srxu ohv ghx{ w|shv gh vflqwloodwhxuv lqrujd0
qltxhv
Dssolfdwlrqv hw fdudfwìulvwltxhv sk|vltxhv
Ohxuv fdudfwìulvwltxhv sk|vltxhv hw rswltxhv vrqw ohv vxlydqwhv1 W|sltxhphqw/ ohv lq0
glfhv rswltxhv gh fhv vflqwloodwhxuv v*ìwdohqw gh 4/77 srxu oh FdI  +Hx, ã 5/48 srxu oh
El ! Jh  R !  1 Ohxuv orqjxhxuv g*rqgh g*ìplvvlrq gx slf fhqwudo ydulhqw gh 643 qp srxu oh
EdI  ã 898 qp srxu oh FvL+Wo,1 Ohxu pdvvh yroxpltxh hvw frpsulvh hqwuh 6/48 j1fp  
 
srxu oh FdI  +Hx, ã :/46 j1fp  
 
srxu oh El ! Jh  R !" 1 Fhv vflqwloodwhxuv vrqw grqf sduwlfxolë0
uhphqw lqwìuhvvdqwv srxu od gìwhfwlrq jdppd1 Sdu frqwuh/ ohxuv frqvwdqwhv gh gìfurlvvdqfh
gh o*lqwhqvlwì oxplqhxvh ydulhqw gh txhotxhv fhqwdlqhv gh qv ã soxvlhxuv pv +od skrvskr0
uhvfhqfh gx QdL+Wo, vh vlwxh ã << pv,1 Fh sdudpëwuh whpsruho shxw íwuh jíqdqw oruv gh
iruw wdx{ gh frpswdjh/ oh frpswhxu ìwdqw doruv idflohphqw sdudo|vdeoh1
Od gìwhfwlrq ghv ud|rqqhphqwv jdppd uhsuìvhqwh od sulqflsdoh xwlolvdwlrq ghv vflqwlood0
whxuv ã edvh gh QdL+Wo,/ FvL+Wo, rx gh El ! Jh  R !" gdqv fhuwdlqhv fkdñqhv gh vshfwurpìwulh
jdppd jurvvlëuh +frpswh whqx gh od idleoh uìvroxwlrq gh fh w|sh gh gìwhfwhxu hq frpsdudl0
vrq dyhf fhooh rewhqxh sdu ghv gìwhfwhxuv ã edvh gh glrghv Jhupdqlxp k|shu sxu +KSJh,
rx gh fkdpeuhv g*lrqlvdwlrq ã [ìqrq iruwhphqw frpsulpì,1
Frpswh whqx gh ohxuv sursulìwìv gh gìwhfwlrq jdppd/ fhwwh idplooh gh vflqwloodwhxuv
hvw wuëv xwlolvìh gdqv ohv dssolfdwlrqv g*lpdjhulh pìglfdoh1 Sdu frqwuh srxu ohv dssolfdwlrqv
olìhv ã od gìwhfwlrqv ghv qhxwurqv/ ohv vflqwloodwhxuv lqrujdqltxhv vrqw olplwìv ã od gìwhfwlrq
gh qhxwurqv wkhupltxhv +frpph oh vrqw ohv gìwhfwhxuv ã edvh g*Kìolxp 6,/ v*lov rqw ìwì
suìdodeohphqw grsìv dyhf xq frpsrvì vhqvleoh dx{ qhxwurqv wkhupltxhv/ frpph/ sdu
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h{hpsoh/ oh Olwklxp 91 Hq hhw/ ohxu vwuxfwxuh qh ohxu shuphw sdv g*íwuh vhqvleoh dx{
qhxwurqv udslghv gh idêrq vdwlvidlvdqwh srxu íwuh h{sorlwdeoh sdu xq glvsrvlwli gh gìwhfwlrq1
61416 Vflqwloodwhxuv rujdqltxhv
Fhv vflqwloodwhxuv q*rqw sdv gh vwuxfwxuh fulvwdoolqh frqwudluhphqw dx{ vflqwloodwhxuv lq0
rujdqltxhv1 Lov shxyhqw vh suìvhqwhu vrxv iruph vrolgh rx oltxlgh1 Gdqv oh fdv ghv vrolghv/
ohxu vwuxfwxuh hvw fhooh g*xq sro|pëuh suìvhqwdqw gh orqjxhv fkdñqhv fduerqìhv1 Fhv vflq0
wloodwhxuv sodvwltxhv vrqw xwlolvìv srxu od gìwhfwlrq gh qhxwurqv udslghv/ frpswh whqx gh
ohxu iruwh whqhxu hq K|gurjëqh1 Pdlv lov vrqw ìjdohphqw xwlolvìv srxu od gìwhfwlrq jdppd
dq gh uìdolvhu gh od vshfwurpìwulh jurvvlëuh dsshoìh vshfwurvfrslh Frpswrq sxlvtxh edvìh
vxu oh iurqw Frpswrq gx ud|rqqhphqw gìwhfwì hw qrq vxu oh slf skrwrìohfwultxh +od sured0
elolwì tx*xq jdppd idvvh xq hhw skrwrìohfwultxh hvw idleoh,1 Oh surfhvvxv gh jìqìudwlrq
gh oxplëuh hvw h{soltxì gh idêrq gìwdlooìh gdqv oh ¢ 6161 Lo qh glëuh txdvlphqw sdv srxu
ohv oltxlghv hw ohv vrolghv/ ã fhfl suíw txh ohv surfkhv yrlvlqv g*xq dwrph qh vrqw mdpdlv ohv
píphv srxu xq oltxlgh doruv txh srxu xq vrolgh/ od vwuxfwxuh gx sro|pëuh q*ìyroxh sdv
vdxi vxlwh ã xqh uìdfwlrq qxfoìdluh rü lo | d glvsdulwlrq rx prxyhphqw gx qr|dx fleoh1
Ohv vflqwloodwhxuv oltxlghv vrqw soxv vlpsohv ã gìyhorsshu hw ã grshu1 Lov vrqw uìdolvìv sdu
ghv vroxwlrqv/ jìqìudohphqw ã edvh gh wroxëqh/ gdqv ohvtxhoohv ohv proìfxohv vflqwloodqwhv
rqw ìwì glvvrxwhv1 Ohxu sulqflsdo lqfrqyìqlhqw hvw g*íwuh idflohphqw lq dppdeoh/ fh txl
ohv ìfduwh gh od soxsduw ghv dssolfdwlrqv lqgxvwulhoohv/ frpswh whqx ghv frqwudlqwhv gh
fkdujh dx ihx lpsrvìhv sdu od vìfxulwì1 Ohxu srlqw ìfodlu hvw/ hq hhw/ wuëv edv + lqiìulhxu
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 srxu od soxsduw,1 D frqwudulr/ ohv vrolghv qh vrqw sdv h{sorvliv hw glvsrvhqw gh
sursulìwìv pìfdqltxhv txl ohv uhqghqw idflohphqw xvlqdeohv1 Fhshqgdqw ohxuv shuirupdqfhv
gh jìqìudwlrq gh oxplëuh vrqw elhq lqiìulhxuhv ã fhooh ghv oltxlghv1
Xq plolhx ulfkh hq K|gurjëqh +frpph f*hvw oh fdv srxu ohv vflqwloodwhxuv sodvwltxhv,
srvvëgh xqh iruwh suredelolwì g*lqwhudfwlrq dx{ qhxwurqv udslghv1 Hq hhw/ od flqìpdwltxh
hvw idyrudeoh ã xq wudqvihuw pd{lpdo g*ìqhujlh oruvtxh oh qhxwurq fkrtxh xq surwrq/ hq
udlvrq gh ohxu pdvvh surfkh1 Oh grsdjh dx Eruh shuphw ìjdohphqw gh uhqguh ohv vflqwlood0
whxuv sodvwltxhv vhqvleohv dx{ qhxwurqv wkhupltxhv1 Gëv oruv oh vflqwloodwhxu gìwhfwh ohv





dx wudyhuv ghv uìdfwlrqv qxfoìdluhv +q/k, vxu oh Eruh1
Ohv ìwxghv ohv soxv uìfhqwhv rqw ìwì frqgxlwhv vxu fhv vflqwloodwhxuv sodvwltxhv grsìv dx
Eruh sdu oh oderudwrluh gh Orv Dodprv dx{ Hwdwv0Xqlv ^Ploohu <;`/ ^E|ug <7`/ ^Ihogpdq <8`/
^E|ug <5`1 Ohv vflqwloodwhxuv sodvwltxhv grsìv dx Eruh rqw ìwì xwlolvìv sdu fh oderudwrluh
dq gh uìdolvhu ghv vshfwurpëwuhv ã qhxwurqv hpsor|dqw od grxeoh sursulìwì gh gìwhfwlrq
ghv qhxwurqv udslghv +sdu ohv glxvlrqv gh w|sh ìodvwltxh +q/s, vxu ohv qr|dx{ g*k|gurjëqh
gx sodvwltxh, hw wkhupltxhv +sdu ohv uìdfwlrqv +q/k, gh fdswxuh ghv qhxwurqv wkhupltxhv




Qhxwurqv grqw o*ìqhujlh hvw frpsulvh hqwuh 43 hY hw 53 nhY
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orfdolvdwlrq vsdwldoh gx olhx g*ìplvvlrq ghv qhxwurqv udslghv sdu o*xwlolvdwlrq vlpxowdqìh gh
txdwuh gìwhfwhxuv dvvrflìv ã xqh ìohfwurqltxh gh jhvwlrq gx srvlwlrqqhphqw1 Fhwwh lqvwux0
phqwdwlrq d ìwì hpedutxìh ã erug gh vdwhoolwh shuphwwdqw dlqvl gh idluh xqh fduwrjudsklh
qhxwurqltxh g*xqh sduwlh gh o*hvsdfh1 Pr|hqqdqw txhotxhv dpìqdjhphqwv +qrwdpphqw
o*dgmrqfwlrq g*xq glvsrvlwli gh gìsodfhphqw urerwlvì,/ fh w|sh gh gìwhfwhxuv gh qhxwurqv
ã orfdolvdwlrq d ìjdohphqw ìwì xwlolvì srxu oh frqwu÷oh ghv sxlwv gh plvvlohv hw g*xqh idêrq
jìqìudoh srxu oh frqwu÷oh gh qrq suroliìudwlrq ghv duphv qxfoìdluhv1 Gdqv fhv dssolfdwlrqv/
fhv vflqwloodwhxuv vrqw xwlolvìv frpph Eodfn Qhxwurq Ghwhfwru ^Gudnh ;9`/ f*hvw ã gluh
frpph devruehxu wrwdo gh qhxwurqv1
Xqh ìwxgh soxv wkìrultxh ^Ndp|nrzvnl <5`/ ^Ndp|nrzvnl <3` d shuplv gh frquphu
od ydolglwì gx frgh gh fdofxo PFQS +Prqwh Fduor Q0Sduwlfohv ^Eulhvphlvwhu <:`, srxu
vlpxohu oh frpsruwhphqw qhxwurqltxh +h!fdflwì gh gìwhfwlrq joredoh hw gxuìh gh ylh gx
qhxwurq, srxu fh w|sh gh vflqwloodwhxu sodvwltxh grsì dx Eruh1 Fhwwh ìwxgh sruwdlw vxu od
frpsdudlvrq gh od uìsrqvh vshfwudoh vlpxoìh hw phvxuìh dlqvl txh o*h!fdflwì lqwulqvëtxh gh
vflqwloodwhxu sodvwltxh grsì dx Eruh1 O*remhfwli ìwdlw gh uìdolvhu xq vshfwurpëwuh xwlolvdqw
fh w|sh gh vflqwloodwhxu dq g*h{sorlwhu od grxeoh vhqvlelolwì ã od irlv dx{ qhxwurqv udslghv
hw dx{ qhxwurq wkhupltxhv1
Vhxoh od vrflìwì Elfurq ^Oderudwrulhv ;7`/ vlwxìh ã Qhzexu| gdqv o*Rklr dx{ Hwdwv0
Xqlv/ hvw fdsdeoh gh irxuqlu oh pdufkì prqgldo srxu fh w|sh gh vflqwloodwhxu1 D wlwuh
g*lqirupdwlrq/ oh frþw g*xq vflqwloodwhxu f|olqgultxh gh 48 fp gh orqj hw gh 73 pp gh
gldpëwuh hvw w|sltxhphqw gh 78 nI vrlw 9/;9 nHxur1 F*hvw xqh ghv udlvrqv txl qrxv d
frqgxlw ã gìyhorsshu hw ideultxhu dx vhlq gh qrwuh oderudwrluh xq vflqwloodwhxu sodvwltxh
grsì dx Eruh1 Xqh v|qwkëvh srvvleoh ghv vflqwloodwhxuv sodvwltxhv grsìv dx Eruh dydlw
g*dloohxuv ìwì gìfulwh sdu Dqlvlpryd ^Dqlvlpryd 9<` ã od q ghv dqqìhv 931
615 Fdudfwìulvwltxhv ghv vflqwloodwhxuv rujdqltxhv vr0
olghv
Ohv skìqrpëqhv gh  xruhvfhqfh uhwdugìh hw gh skrvskruhvfhqfh vrqw sduwlfxolëuhphqw
uhpdutxdeohv sdu oh idlw txh/ vxlwh ã xqh looxplqdwlrq/ oh surgxlw/ píph gdqv o*revfxulwì/
frqwlqxh gh uì0ìphwwuh gh od oxplëuh1 O*xwlolvdwlrq gh fhv pdwìuldx{ hq wdqw txh gìwhfwhxu
qxfoìdluh hvw od soxv uìsdqgxh1 Dlqvl/ Ndoopdqq hw Eurvhu ^Ndoopdqq 7:` rqw gìfrxyhuw
hq 4<7: hw xwlolvì od sursulìwì g*ìplvvlrq gh oxplëuh gh fhv pdwìuldx{/ who o*dqwkudfëqh/
oruvtx*lov vrqw vrxplv ã ghv ud|rqqhphqwv qxfoìdluhv1 Dlqvl/ píph oh sro|vw|uëqh ìphw xqh
oxplëuh gdqv oh orlqwdlq xowud ylrohw oruvtx*xqh sduwlfxoh lrqlvdqwh oh wudyhuvh1 Fhshqgdqw
ohv uhqghphqwv gh  xruhvfhqfh srxu oh sro|vw|uëqh vrqw wuëv idleohv/ fh txl idlw tx*lo q*hvw
xwlolvì txh frpph vroydqw gdqv ohv frpsrvìv vflqwloodqwv1
Ohv skìqrpëqhv txl rqw olhx dx vhlq ghv vflqwloodwhxuv vrqw frpsoh{hv1 Hq hhw/ frqwudl0
uhphqw dx{ vflqwloodwhxuv lqrujdqltxhv/ txl vrqw frpsrvìv g*xq vhxo hw xqltxh fulvwdo dyhf
ghv fhqwuhv gh oxplqhvfhqfh/ ohv vflqwloodwhxuv rujdqltxhv vrqw xq pìodqjh gh soxvlhxuv
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VROLGHV
w|shv gh proìfxohv1 Hq idlw/ lo hvw qìfhvvdluh gh glvwlqjxhu ohv vflqwloodwhxuv rujdqltxhv
oltxlghv hw ohv vrolghv1 Ohv skìqrpëqhv sk|vltxhv/ elhq tx*dqdorjxhv/ qh vh surgxlvhqw sdv
dyhf od píph lqwhqvlwì ã fdxvh gx qrq prxyhphqw ghv proìfxohv ohv xqhv sdu udssruw dx{
dxwuhv gdqv oh fdv g*xq vrolgh1
Ohv vflqwloodwhxuv sodvwltxhv grsìv dx Eruh vrqw ghv vrolghv frpsrvìv gh txdwuh w|shv
gh proìfxohv1 Oh frpsrvì pdmrulwdluh hvw dsshoì oh vroydqw/ lo v*djlw jìqìudohphqw vrlw gx
sro|vw|uëqh vrlw gx sro|ylq|owroxëqh1 Lo frqvwlwxh od pdwulfh1 Ghx{ frpsrvìv oxplqhvfhqwv
| vrqw lqvfulwv/ oh vroxwì sulpdluh hw oh vroxwì vhfrqgdluh1
 Oh gìs÷w g*ìqhujlh v*hhfwxh gdqv oh vroydqw1 Oh vroydqw wudqvphw xqh judqgh sduwlh
gh vrq ìqhujlh dx vroxwì sulpdluh1 Xqh sduwlh gh fhwwh ìqhujlh hvw ìjdohphqw frqyhuwlh
hq  xruhvfhqfh gx vroydqw1
 Oh vroxwì sulpdluh shuphw o*hvvhqwlho gh o*ìplvvlrq gh oxplëuh1
 Oh vroxwì vhfrqgdluh rx zdyhohqjkw0vkliwhu dvvxuh o*dgdswdwlrq gh od orqjxhxu
g*rqgh ghv skrwrqv ìplv srxu xqh erqqh wudqvplvvlrq gx vljqdo oxplqhx{ hw xqh
erqqh dgdswdwlrq gx vshfwuh g*ìplvvlrq gx vflqwloodwhxu dx pd{lpxp gh vhqvlelolwì
gh od skrwrfdwkrgh gx skrwrpxowlsolfdwhxu1
Oh grsdqw/ txl shxw íwuh sdu h{hpsoh gx Eruh 43/ frqvwlwxh oh txdwulëph w|sh gh
proìfxohv suìvhqwhv1 Vhqvleoh dx{ qhxwurqv wkhupltxhv/ hooh shuphw ohxu gìwhfwlrq sdu
uìdfwlrq gh fdswxuh +q/k,1 Fhshqgdqw/ vrq dfwlrq dx qlyhdx gh od oxplqhvfhqfh hvw qxooh/
yrluh qìjdwlyh1 Hq hhw/ fhwwh proìfxoh hvw frqvlgìuìh frpph xqh lpsxuhwì txl lqgxlw ghv
fhqwuhv g*h{wlqfwlrq rx txhqfklqj/ fh txl d srxu sulqflsdoh frqvìtxhqfh gh glplqxhu oh
uhqghphqw gh oxplqhvfhqfh gh o*hqvhpeoh gx vflqwloodwhxu1 Dlqvl/ xq vflqwloodwhxu sodvwltxh
grsì dx Eruh d/ srxu xqh píph sduwlfxoh dyhf xqh ìqhujlh lghqwltxh/ xq uhqghphqw
oxplqhx{ soxv idleoh txh vrq krprorjxh qrq grsì1 Fhfl vh wudgxlw ìjdohphqw sdu xqh shuwh
gh wudqvsduhqfh gx pdwìuldx1 Fh sureoëph lpsrvh o*xwlolvdwlrq gh orqjxhxu gh vflqwloodwhxu
uhodwlyhphqw idleoh +w|sltxhphqw lqiìulhxuh ã 83 fp,1
Ohv sulqflsdohv fdudfwìulvwltxhv sk|vltxhv ghv vflqwloodwhxuv rujdqltxhv vrqw ohv vxl0
ydqwhv =
 Oh vljqdo oxplqhx{ jìqìuì sdu ohv vflqwloodwhxuv rujdqltxhv hvw wuëv udslgh sxlvtxh oh
whpsv gh ghvfhqwh gx vljqdo hvw lqiìulhxuh ã 4 qv hw txh od odujhxu gh o*lpsxovlrq ã
pl0kdxwhxu qh gìsdvvh sdv 53 ã 63 qv1
 Od orqjxhxu g*rqgh ghv skrwrqv jìqìuìv hvw jìqìudohphqw frpsulvh hqwuh 683 hw
783 qp1 Fhwwh orqjxhxu g*rqgh hvw {ìh sdu oh Zdyhohqjwk0vkliwhu xwlolvì1
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616 Wudlwhphqw wkìrultxh gh od surgxfwlrq gh oxplëuh
Wrxw w|sh gh proìfxoh  xruhvfhqwh shxw srwhqwlhoohphqw idluh sduwlh g*xq v|vwëph
vflqwloodqw1 Oh fkrl{ gx w|sh gh proìfxohv ã xwlolvhu vh ihud hq whqdqw frpswh ghv vshfwuhv
gh  xruhvfhqfh/ g*devruswlrq/ gh o*h!fdflwì txdqwltxh gh  xruhvfhqfh hw ghv whpsv gh
gìfurlvvdqfh gh o*ìplvvlrq oxplqhxvh1
Oh pìfdqlvph gh vflqwloodwlrq gdqv ohv pdwìuldx{ phw hq rhxyuh ohv ghx{ w|shv gh  xr0
uhvfhqfh +surpswh hw uhwdugìh, hw gh skrvskruhvfhqfh ^Elunv 84`/ ^Eurrnv :<` hw ^Sdsdgrsrxorv <<`1
61614 Pìfdqlvphv gh od vflqwloodwlrq
Xqh sduwlfxoh lrqlvdqwh shug vrq ìqhujlh dx vhlq gx vroydqw sdu h{flwdwlrq 0 lrqlvdwlrq
ghv proìfxohv1 Gdqv fh fdv/ fh vrqw hvvhqwlhoohphqw ohv ìohfwurqv Z txl vrqw dphqìv ã ghv
qlyhdx{ h{flwìv1 Ohv ìwdwv ìohfwurqltxhv Z shxyhqw íwuh h{flwìv =
vrlw gluhfwhphqw sdu od sduwlfxoh lqflghqwh/
vrlw sdu ghv ìohfwurqv vhfrqgdluhv/
vrlw sdu od uhfrpelqdlvrq g*lrqv/
vrlw sdu ghv ud|rqv [ rx ghv skrwrqv X1Y1 grqw o*ìplvvlrq vxlw od uhfrpelqdlvrq g*lrqv1
Lo shxw ìjdohphqw vh surgxluh xq skìqrpëqh pdujlqdo dyhf ohv ìohfwurqv ghv oldlvrqv
vljpd1 Xqh irlv h{flwìv/ lov shxyhqw lqgxluh/ hx{0dxvvl/ od surgxfwlrq g*xq idleoh vljqdo
oxplqhx{1
Ohv ìohfwurqv Z vrqw idleohphqw olìv/ fh vrqw hx{ txl yrqw irxuqlu o*hvvhqwlho gx vl0
jqdo gh vflqwloodwlrq1 +Fi1 oh vfkìpd ghv qlyhdx{ g*h{flwdwlrq ghv ìohfwurqv suìvhqwì vxu od
jxuh 616,
Ohv ìwdwv vlqjxohwv/ ìwdw gh vslq 3/ +qrwìv V  ! vxu oh vfkìpd, vrqw ghv ìwdwv rü ohv
ìohfwurqv vrqw hw uhvwhqw dssdulìv pdojuì o*h{flwdwlrq1 Fhv qlyhdx{ g*h{flwdwlrq ìohfwur0
qltxh vrqw jìqìudohphqw vìsduìv g*xqh ìqhujlh gh txhotxhv hY +w|sltxhphqw 6 ã 7 hY hq
pr|hqqh/ fh txl fruuhvsrqg ã ghv orqjxhxuv g*rqgh dxwrxu gh 733 qp,1 D fhv qlyhdx{
vh vxshusrvh xqh vwuxfwxuh qh fruuhvsrqgdqw dx{ qlyhdx{ yleudwlrqhov ghv dwrphv dx0
wrxu gh ohxu srvlwlrq g*ìtxloleuh gdqv od proìfxoh píph1 O*ìfduw pr|hq hqwuh fhv qlyhdx{
yleudwlrqhov hvw gh 3/48 hY1
Ohv ìwdwv wulsohwv/ ìwdw gh vslq 4/ +qrwìv W  ! vxu oh vfkìpd, fruuhvsrqghqw dx{ ìohfwurqv
qrq dssdulìv1 O*hvsdfhphqw ìqhujìwltxh hqwuh ìwdwv wulsohwv hvw soxv idleoh txh srxu ohv
ìwdwv vlqjxohwv1
Gdqv ohv frqglwlrqv qrupdohv gh whpsìudwxuh hw gh suhvvlrq/ wrxwhv ohv proìfxohv vrqw
frqvlgìuìhv gdqv o*ìwdw irqgdphqwdo +qrwì V  ! vxu oh vfkìpd,1 Hq hhw/ gdqv fh fdv o*ìqhujlh
wkhupltxh hvw g*hqylurq 58 phY1 Hooh q*hvw sdv vx!vdqwh srxu h{flwhu ohv proìfxohv1
Oruv g*xqh h{flwdwlrq gx plolhx/ oh shxsohphqw ghv ìwdwv V ! +l  4, vh idlw udslghphqw
sdu ohv ìohfwurqv Z hq txhotxhv 43  
 
!
v 1 Sdu frqwuh/ oruv g*xqh lrqlvdwlrq/ ohv ìwdwv W  !
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+l 9' 3, vrqw shxsoìv1 O*hqvhpeoh gh fhv ìwdwv V ! rx W ! vh gìshxsohqw hq 43  
 !
v yhuv ohv
ìwdwv V   hw W   1 Fhwwh gìvh{flwdwlrq vh uìdolvh gh idêrq qrq udgldwlyh1 O*ìqhujlh hvw grqf
glvvlsìh hvvhqwlhoohphqw vrxv iruph gh skrqrqv yleudwlrqhov gdqv od pdwulfh frqvwlwxìh sdu
o*hqfkhyíwuhphqw ghv proìfxohv gx vroydqw ^Elunv 8;`/ ^Eurrnv 8<`1
Conversion interne non radiative
Inter system crossing
Ilj1 616= Vfkìpd ghv qlyhdx{ ìqhujìwltxhv proìfxodluhv h{soltxdqw ohv pìfdqlvphv gh
 xruhvfhqfh hw skrvskruhvfhqfh1
Ohv proìfxohv gdqv o*ìwdw V   vh gìvh{flwhqw yhuv ghv vrxv0ìwdwv V   txl uhwrxuqhqw ã
o*ìwdw irqgdphqwdo hq 43  
!
v/ jìqìudqw dlqvl od  xruhvfhqfh sulqflsdoh gx vflqwloodwhxu1 Ohv
qlyhdx{ W  qh shxyhqw vh gìvh{flwhu txh wuëv ohqwhphqw yhuv ghv ìwdwv V   / gh sduw ohv
uëjohv gh vìohfwlrq ghv wudqvlwlrqv glsrodluhv ìohfwultxhv1 Lov grqqhqw dlqvl qdlvvdqfh dx
skìqrpëqh gh skrvskruhvfhqfh txl gìshqg gh od whpsìudwxuh frqwudluhphqw ã od  xruhv0
fhqfh txl qh gìshqg sdv gh od whpsìudwxuh1 Ohv proìfxohv gdqv xq ìwdw wulsohw shxyhqw
dxvvl +vrxv fhuwdlqhv frqglwlrqv gh iruwhv ghqvlwìv g*lrqlvdwlrq, lqwhudjlu ghx{ ã ghx{ hq
v*dqqlklodqw1
EA  n A 3  $ 7   n 73  " 





vhfrqghv1 Soxv od sduwlfxoh hvw lrqlvdqwh +] ìohyì hw ìqhujlh lpsruwdqwh, soxv oh shx0
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sohphqw ghv ìwdwv wulsohwv hvw idyrulvì/ f*hvw fh txl shuphw od uìdolvdwlrq gh od glvfulplqdwlrq
hqwuh sduwlfxohv d|dqw lqwhudjl dx vhlq gx vflqwloodwhxu1
Dlqvl/ fh txl hvw frppxqìphqw dsshoì od frpsrvdqwh ohqwh gh od oxplëuh hvw hq idlw
od frqwulexwlrq gh od  xruhvfhqfh uhwdugìh dx vljqdo oxplqhx{1 Fh surfhvvxv q*hvw sdv ã
gìfurlvvdqfh h{srqhqwlhooh ^Yrow} 9;e`^Yrow} 9;d` frqwudluhphqw ã od  xruhvfhqfh surpswh/
txl uhsuìvhqwh od frpsrvdqwh udslgh gx vljqdo oxplqhx{ suryhqdqw gx vflqwloodwhxu1 Lo shxw
fhshqgdqw | íwuh dvvlploì vdqv uìdolvhu xqh jurvvh huuhxu vxu o*ìydoxdwlrq gh od gxuìh gh
ylh gh fh w|sh g*ìwdwv h{flwìv1
61615 Skìqrpëqhv gh txhqfklqj
Idfh ã fhwwh surgxfwlrq gh oxplëuh/ ghv skìqrpëqhv glwv gh txhqfklqj rx g*h{wlqf0
wlrq yrqw olplwhu od txdqwlwì gh skrwrqv vxvfhswleohv gh vruwlu gx vflqwloodwhxu ^\rnrl ;8`1 Lo
h{lvwh glìuhqwhv h{solfdwlrqv gh fh txhqfklqj/ od sulqflsdoh hvw od irupdwlrq g*h{flpëuhv
+h{flwhg glphuh, dx vhlq gx pdwìuldx1 Fh txhqfklqj shxw vh surgxluh hqwuh proìfxohv
gh qdwxuh glìuhqwh +V hw G,1 Xqh proìfxoh h{flwìh gx vroydqw +V, yd lqwhudjlu dyhf xqh







Oh frpsoh{h dlqvl irupì hvw oxl dxvvl h{flwì1 Lo shxw shuguh vrq ìqhujlh sdu gìvh{fl0
wdwlrq qrq udgldwlyh/ vrlw sdu frqyhuvlrq lqwhuqh/ vrlw sdu glvvrfldwlrq hq udglfdx{1 Fhv
skìqrpëqhv frqgxlvhqw ã xqh gìjudgdwlrq wkhupltxh gh o*ìqhujlh hw dlqvl ã xqh edlvvh gx
uhqghphqw gh vflqwloodwlrq1 Gh soxv/ od irupdwlrq gh fh w|sh gh glpëuh hvw g*dxwdqw soxv
suredeoh txh od ghqvlwì g*lrqlvdwlrq hvw lpsruwdqwh hw grqf txh od sduwlfxoh d|dqw lqwhudjl
hvw orxugh hw ìqhujìwltxh1 Fhw ìglfh proìfxodluh q*h{lvwh tx*ã o*ìwdw h{flwì1 Xqh irlv vrq
ìqhujlh gìjudgìh/ ohv ghx{ proìfxohv vh vìsduhqw/ fkdfxqh ìwdqw doruv ã o*ìwdw irqgdphqwdo1
O*dxwuh w|sh gh txhqfklqj dhfwdqw gh idêrq qrwdeoh od surgxfwlrq gh oxplëuh hvw
o*dxwrh{wlqfwlrq1 Xqh proìfxoh h{flwìh shxw v*dvvrflhu ã xqh proìfxoh gh píph qdwxuh ã
o*ìwdw irqgdphqwdo srxu iruphu xq glpëuh1 Gdqv fh fdv lo v*djlw g*xq h{flpëuh sduwlfxolhu





Wurlv yrlhv gh gìvh{flwdwlrq gh fhw ìglfh proìfxodluh vrqw srvvleohv1 Lo shxw vrlw vh
glvvrflhu hq vhv ghx{ frpsrvìv lqlwldx{/ vrlw ìphwwuh xq skrwrq/ vrlw/ hqq/ vh gìvh{flwhu
sdu xq surfhvvxv qrq udgldwli1 Oh uhqghphqw gh  xruhvfhqfh vhud grqf g*dxwdqw soxv glpl0
qxì txh o*ìfkdqjh g*ìqhujlh hqwuh proìfxohv gh píph qdwxuh hvw idyrulvì +sdu h{hpsoh sdu
xqh iruwh frqfhqwudwlrq gh vroxwì,1 F*hvw srxu fhwwh udlvrq txh/ srxu uìdolvhu xq vflqwlood0
whxu/ od proìfxoh  xruhvfhqwh q*hvw sdv xwlolvìh vhxoh pdlv pìodqjìh ã xq vroydqw1 D iruwh
frqfhqwudwlrq gh vroxwì gdqv oh vroydqw/ lo d ìwì frqvwdwì xqh glplqxwlrq gx uhqghphqw gh
vflqwloodwlrq ã fdxvh gh fh skìqrpëqh g*dxwrh{wlqfwlrq1
79
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61616 Zdyhohqjwk 0 vkliwhu
Dq gh idyrulvhu od sursdjdwlrq gh od oxplëuh gdqv oh vflqwloodwhxu/ lo hvw frxudqw g*dmrx0
whu xqh proìfxoh vxssoìphqwdluh txl dxjphqwh od orqjxhxu g*rqgh hw grqf txl h{wudlw od
oxplëuh ìplvh gx vshfwuh g*devruswlrq gh od proìfxoh  xruhvfhqwh1 Od suìvhqfh gh fhwwh
proìfxoh glplqxh grqf o*dxwrdevruswlrq gx pdwìuldx1 Fh frpsrvì hvw frqqx vrxv oh whuph
gh zdyhohqjwk 0 vkliwhu/ olwwìudohphqw gìfdohxu gh orqjxhxu g*rqgh1 Lo irqfwlrqqh sdu
vlpsoh  xruhvfhqfh/ f*hvw0ã0gluh sdu h{flwdwlrq g*xq qlyhdx V  1 Oh uhqghphqw gh frqyhu0
vlrq hvw irqfwlrq gh od txdqwlwì g*ìqhujlh glvvlsìh gh idêrq qrq udgldwlyh1 Oh exw gh fhwwh
frqyhuvlrq gh iuìtxhqfh ìwdqw gh pdlqwhqlu xq uhqghphqw gh oxplqhvfhqfh lpsruwdqw/ ohv
proìfxohv xwlolvìhv frpph zdyhohqjwk 0 vkliwhu grlyhqw dyrlu gh wuëv erqv uhqghphqwv
gh  xruhvfhqfh1
Fh w|sh gh proìfxohv shuphw ìjdohphqw g*dgdswhu od orqjxhxu g*rqgh g*ìplvvlrq gx
vflqwloodwhxu dx pd{lpxp g*h!fdflwì txdqwltxh gh frqyhuvlrq ghv skrwrqv hq skrwr0
ìohfwurqv sdu od skrwrfdwkrgh gx skrwrpxowlsolfdwhxu1
61617 Ohv pdwìuldx{ oxplqhvfhqwv
Od suìvhqfh gh qr|dx{ ehq}ìqltxhv hvw o*xqh ghv frqglwlrqv shuphwwdqw g*rewhqlu xqh
 xruhvfhqfh lpsruwdqwh gx pdwìuldx rujdqltxh1 Hq hhw/ ohv ìohfwurqv Z gìorfdolvìv srv0
vëghqw ghv sursulìwìv ìohfwurqltxhv whoohv tx*lov shxyhqw íwuh idflohphqw h{flwìv1 Od uìvlv0
wdqfh hw od vwdelolwì gh fhv pdwìuldx{ hvw gxh ã od suìvhqfh gh fhv qr|dx{ ehq}ìqltxhv1
Dlqvl/ o*dqwkudfëqh hw oh qdskwdoëqh  xruhvfhqw idflohphqw sdu h{flwdwlrq qxfoìdluh1
Lqwulqvëtxhphqw lov glvsrvhqw g*xqh erqqh wudqvsduhqfh ã ohxu sursuh orqjxhxu g*rqgh
g*ìplvvlrq1 O*dqwkudfëqh vhuw gh uìiìuhqfh hq fh txl frqfhuqh od txdqwlwì gh oxplëuh jìqìuìh
sdu ohv vflqwloodwhxuv/ tx*lov vrlhqw lqrujdqltxhv rx rujdqltxhv1 O*dqwkudfëqh jìqëuh hqylurq
53 333 skrwrqv sdu PhY g*ìqhujlh gìsrvìh1 W|sltxhphqw/ o*dqwkudfëqh qh uhsuìvhqwh txh
83 ( gh od uìsrqvh oxplqhxvh g*xq fulvwdo gh QdL+Wo,1
617 Orl gh Elunv
Od orl vhpl0hpslultxh +Fi1 ìtxdwlrq 614, d ìwì irupxoìh sdu Elunv gxudqw ohv dqqìhv
4<83 g*dsuëv ohv phvxuhv h{sìulphqwdohv tx*lo dydlw oxl0píph hhfwxìhv ^Elunv 8;`1
Hooh d hqvxlwh ìwì prglìh/ hq dmrxwdqw dx gìqrplqdwhxu xq whuph gx vhfrqg ruguh/ sdu
Fkrx ^Nqroo ;<`1 O*remhfwli hvw gh plhx{ uhqguh frpswh gh od qrq olqìdulwì gh od uìsrqvh
















FKDSLWUH 61 OHV VFLQWLOODWHXUV
Fhwwh iruph glìuhqwlhooh grqqh hq idlw od txdqwlwì lqqlwìvlpdoh gO gh skrwrqv sur0
gxlwv vxu xq sdufrxuv g{ srxu xqh shuwh g*ìqhujlh gh od sduwlfxoh vxu fh sdufrxuv g{ ìjdoh
ã gH1
Fhwwh irupxoh glvsrvh gh 6 sdudpëwuhv =
L V txl hvw o*h!fdflwì gh oxplqhvfhqfh hw txl uìxqlw o*hqvhpeoh ghv skìqrpëqhv sk|0
vltxhv frqgxlvdqw ã od jìqìudwlrq gh oxplëuh/
L nE txl hvw oh idfwhxu glw gh txhqfklqj rx g*h{wlqfwlrq1 Lo udvvhpeoh o*hqvhpeoh ghv
skìqrpëqhv gìidyrudeohv ylv ã ylv gh od surgxfwlrq hw gh od sursdjdwlrq gh oxplëuh1
Lo frqwlhqw ã od irlv o*h!fdflwì gh fdswxuh ghv fhqwuhv txhqfkhxuv hw ohxuv frqfhqwud0
wlrqv gdqv oh pdwìuldx vflqwloodqw/
L F txl q*d sdv gh uìhooh vljqlfdwlrq sk|vltxh hw txl shuphw g*dmxvwhu dx plhx{ fhwwh
irupxoh srxu ohv sduwlfxohv orxughv hw lrqlvdqwhv +w|sltxhphqw ohv doskd hw ohv lrqv
Olwklxp srxu fh txl frqfhuqh fhv wudydx{,1
Lo qh vhpeoh sdv vlpsoh gh phwwuh hq ìylghqfh xqh orl frpsoëwh frqgxlvdqw ã ghv
uìvxowdwv qxpìultxhv dxvvl surfkhv txh fhx{ gìgxlwv hq xwlolvdqw od irupxoh gh Elunv1
O*ìplvvlrq gh oxplëuh gìshqg gh qrpeuhx{ sdudpëwuhv grqw ehdxfrxs vrqw shx frqqxv/
ã fdxvh/ hvvhqwlhoohphqw/ gh gl!fxowìv gh phvxuhv1
Fhshqgdqw txhotxhv dxwhxuv ^Yrow} 9;d` hw ^Gxsrqw 9:` rqw irupxoì xqh h{suhvvlrq hq
whqdqw frpswh ghv glìuhqwhv frqfhqwudwlrqv hw h!fdflwìv gh oxplqhvfhqfh ghv pdwìuldx{1
Vl fhwwh wåfkh vhpeoh d sulrul derugdeoh srxu ghv vflqwloodwhxuv vlpsohv/ whov ohv fulvwdx{
g*dqwkudfëqh/ hooh hvw qhwwhphqw soxv dugxh oruvtx*lo v*djlw gh pìodqjh qrq krprjëqh gh
glìuhqwhv proìfxohv1
Gh qrpeuhx{ dxwhxuv/ sdu h{hpsoh ^Fudxq :3` hw ^Vplwk 9;`/ vh vrqw lqwìuhvvìv ã od
fdudfwìulvdwlrq gh vflqwloodwhxuv sodvwltxhv qrq grsìv gìyhorssìv gh idêrq frpphufldoh rx
gdqv ohxu oderudwrluh gh uhfkhufkh1 Oh exw hvvhqwlho gh fhv h{sìulhqfhv hvw g*rewhqlu ohv
sdudpëwuhv gh oxplqhvfhqfh1
Ohv sdudpëwuhv V/ nE hw F frpsrvdqw od irupxoh shxyhqw íwuh rewhqxv sdu lqwìjudwlrq
qxpìultxh dmxvwìh vxu ohv srlqwv h{sìulphqwdx{ sdu od pìwkrgh ghv prlqguhv fduuìv qrq
olqìdluh1 Dlqvl/ ã sduwlu gh fhwwh sdudpìwulvdwlrq/ lo hvw doruv srvvleoh g*h{wudsrohu od txdq0
wlwì gh skrwrqv ìplv hq irqfwlrq gx w|sh gh sduwlfxoh txl d lqwhudjl dyhf oh vflqwloodwhxu
hw gh vrq ìqhujlh vl fhooh0fl hvw frqwhqx gdqv oh grpdlqh gh ydolglwì ghv phvxuhv uìdolvìhv1
Od jxuh 617 prqwuh elhq od qrq olqìdulwì gh od uìsrqvh oxplqhxvh srxu glìuhqwhv
sduwlfxohv ^Edgkzdu 9:` hw ^Vdudi ;;`1 Od uìsrqvh oxplqhxvh hvw g*dxwdqw soxv lpsruwdqwh
txh od sduwlfxoh hvw oìjëuh/ shx lrqlvdqwh hw ìqhujìwltxh ^Yrow} 99`1 Sdu h{hpsoh/ xq ìohfwurq
gh 4 PhY hqwudñqh od jìqìudwlrq gh 433 irlv soxv gh skrwrqv tx*xqh sduwlfxoh doskd gh
7;
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Réponse lumineuse du BC400




























Ilj1 617= Qrq olqìdulwì gh od uìsrqvh oxplqhxvh g*xq vflqwloodwhxu sodvwltxh qrq grsì
EF7331
4 PhY1 Gh píph/ xqh sduwlfxoh doskd gh 7 PhY jìqëuh dxwdqw gh skrwrqv tx*xq surwrq
gh 4 PhY fh txl fruuhvsrqg dx udssruw ghv pdvvhv1 Dlqvl/ ohv lrqv Kìolxp hw Olwklxp
surgxlwv sdu od uìdfwlrq gh fdswxuh ghv qhxwurqv wkhupltxhv sdu ohv qr|dx{ gh Eruh 43
jìqëuhqw shx gh oxplëuh hq uhjdug gh od txdqwlwì gh skrwrqv jìqìuìv sdu ohv ìohfwurqv txl
vrqw surgxlwv sdu o*lqwhudfwlrq ghv jdppd dyhf oh vflqwloodwhxu1
7<




rswltxh gh vflqwloodwhxuv sodvwltxhv
Fh fkdslwuh v*lqwìuhvvh ã od ideulfdwlrq ghv vflqwloodwhxuv sodvwltxhv grsìv rx qrq hw ã
o*rswlplvdwlrq gx surfìgì srxu pd{lplvhu oh uhqghphqw oxplqhx{ ghv vflqwloodwhxuv dlqvl
uìdolvìv1 Xqh irlv uìdolvì/ fhv vflqwloodwhxuv rqw ìwì fdudfwìulvìv dq g*hq gìwhuplqhu o*hq0
vhpeoh ghv sdudpëwuhv sk|vltxhv +lqglfh rswltxh/ orqjxhxu gh ghpl0dwwìqxdwlrq, qìfhv0




Ohv surgxlwv/ txl shuphwwhqw gh uìdolvhu oh sro|pëuh gh edvh/ iruphqw od pdwulfh rx
vroydqw1 D fh vroydqw/ vrqw dmrxwìhv ghv proìfxohv grqw ohv sursulìwìv lqwulqvëtxhv hq irqw
ghv fhqwuhv g*ìplvvlrq gh oxplëuh1 Fhwwh oxplqhvfhqfh hvw surgxlwh ã sduwlu gh wudqvihuw
g*ìqhujlh h{lvwdqw hqwuh od pdwulfh hw fhv proìfxohv  xruhvfhqwhv1 Fhwwh ìplvvlrq gh oxplëuh
sulpdluh ghphxuh lqh{sorlwdeoh hq o*ìwdw fdu od orqjxhxu g*rqgh g*ìplvvlrq fruuhvsrqg ã
shx gh fkrvhv suëv ã od orqjxhxu g*rqgh g*devruswlrq gx pdwìuldx1 O*hvvhqwlho ghv skrwrqv
vhudlw devrueì sdu oh pdwìuldx vflqwloodqw/ v*lo q*| dydlw gh prglfdwlrq gh od orqjxhxu
g*rqgh gh fhv skrwrqv juåfh dx{ skìqrpëqhv g*devruswlrq 0 uììplvvlrq ghv proìfxohv gx
zdyhohqjwk0vkliwhu1 Fh gìfdodjh hqwuh od orqjxhxu g*rqgh g*devruswlrq hw fhooh g*ìplv0
vlrq hvw txdolì gh gìfdodjh gh Vwrnhv1 Hq rxwuh/ fhv proìfxohv shuphwwhqw g*dgdswhu od
orqjxhxu g*rqgh g*ìplvvlrq gx vflqwloodwhxu ã fhooh gx pd{lpxp g*h!fdflwì txdqwltxh gh
od skrwrfdwkrgh gx skrwrpxowlsolfdwhxu1
Ohv proìfxohv xwlolvìhv frpph frpsrvì sulpdluh srxu od oxplqhvfhqfh vrqw jìqìudoh0
phqw oh SSS +4/70glskhq|oehq}hqh rx s0whuskìq|o,/ oh SSR +5/80glskhq|or{d}roh, rx oh
WES +4/4*/7/7*0whwudskhq|oexwdglhqh,1 Fhv proìfxohv ìphwwhqw/ vxlwh ã xqh h{flwdwlrq/ ghv
skrwrqv grqw od orqjxhxu g*rqgh vh vlwxh jìqìudohphqw dxwrxu gh 683 qp1
84
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GH VFLQWLOODWHXUV SODVWLTXHV
Ohv proìfxohv xwlolvìhv frpph frpsrvìv vhfrqgdluhv uìdolvhqw o*rsìudwlrq gh prgl0
fdwlrq gh orqjxhxu g*rqgh frpph/ sdu h{hpsoh/ oh SRSRS +4/70elv+80skhq|or{d}ro050
|o,ehq}ëqh,1 Fhv proìfxohv devruehqw ohv skrwrqv ìplv dxwrxu gh 633 qp 0 733 qp hw ohv
uììphwwhqw dyhf xqh orqjxhxu g*rqgh dxwrxu gh 733 qp 0 783 qp1
Dq g*dpìolruhu ohv shuirupdqfhv gh glvfulplqdwlrq qhxwurq 0 jdppd/ lo hvw qìfhvvdluh
g*xwlolvhu xq frpsrvì sulpdluh dyhf xqh frqvwdqwh ohqwh gh gìfurlvvdqfh gh od  xruhvfhqfh
od soxv lpsruwdqwh srvvleoh/ frpph f*hvw oh fdv dyhf ohv vflqwloodwhxuv oltxlghv ^Wlotxlq <8`1
Od wdeohdx 714 suìvhqwh txhotxhv h{hpsohv ghv ghx{ frqvwdqwhv gh gìfurlvvdqfh gh od
oxplqhvfhqfh srxu glìuhqwv frpsrvìv vlpsohv rx hq pìodqjh ^Elunv 84`1 Od frpsrvdqwh
ohqwh gx vljqdo oxplqhx{ fruuhvsrqg dx shxsohphqw ghv ìwdwv wulsohwv1 Fh shxsohphqw
hvw g*dxwdqw soxv idyrulvì txh od sduwlfxoh d|dqw lqwhudjl hvw lrqlvdqwh hw ìqhujìwltxh1
Xqh ìwxgh d ìwì uìdolvìh sdu F}luu ^F}luu :3` vxu o*lq xhqfh gx vroydqw vxu ohv fdsdflwìv gh
glvfulplqdwlrq gx vflqwloodwhxu1 Lo d ìwì prqwuì txh oh vroydqw q*dydlw sdv g*lq xhqfh qrwdeoh
vxu ohv shuirupdqfhv gh glvfulplqdwlrq1 Xqh dxwuh dssurfkh frqvlvwhudlw ã xwlolvhu fhuwdlqhv
proìfxohv/ frpph oh qdskwdoëqh/ txl idyrulvhqw oh shxsohphqw ghv ìwdwv wulsohwv1 Hoohv
shxyhqw íwuh xwlolvìv hq glvvroxwlrq gdqv od pdwulfh gh edvh hq sro|vw|uëqh dq g*dpìolruhu
ohv shuirupdqfhv gh glvfulplqdwlrq gh sduwlfxohv gx vflqwloodwhxu1 Srxu txh fhw hhw vrlw
qrwdeoh/ od ghqvlwì gh proìfxohv gh qdskwdoëqh grlw íwuh lpsruwdqwh1 W|sltxhphqw od
frqfhqwudwlrq d xqh ydohxu frpsulvh hqwuh 43 hw 53 ( hq pdvvh sdu udssruw dx sro|vw|uëqh1
Dyhf fh frpsrvì vxssoìphqwdluh/ fh qh vrqw sdv prlqv gh txdwuh frpsrvìv glìuhqwv txl
vrqw glvvrxwv gdqv od pdwulfh gh sro|vw|uëqh1 Od pdvvh wrwdoh fxpxoìh gh fhv frpsrvìv
shxw dwwhlqguh 63 ( gh od pdvvh wrwdoh gx surgxlw qdo1 Ohv olplwhv gh vroxelolwì ghv
surgxlwv vrqw grqf udslghphqw dwwhlqwhv sxlvtx*hoohv gìshqghqw gx vroydqw hw ghv surgxlwv
xwlolvìv/ sulv vìsduìphqw hw hq pìodqjh1
W|sh gh vflqwloodwhxu Frqvwdqwh udslgh +qv, Frqvwdqwh ohqwh +qv,
Wudqv0vwloeëqh Sc 2 .f
Dqwkudfëqh  .f
s0txdwhuskìq|o ec D Df
s0whuskìq|o +7 j1o  
 
, hw 2c H 2ff
SRSRS +3/7 j1o  
 
, gdqv oh wroxëqh
Wdeohdx 714= Frqvwdqwhv whpsruhoohv srxu glìuhqwhv proìfxohv hw pìodqjhv
Ohv jxuhv 714 hw 715 suìvhqwhqw ohv fdudfwìulvwltxhv rswltxhv g*ìplvvlrq hw g*devrus0
wlrq gh od oxplëuh srxu ohv frpsrvìv sulpdluhv +oh s0whuskìq|o, hw vhfrqgdluhv +oh SRSRS,
uhwhqxv srxu fh wudydlo1 Fhv vshfwuhv vrqw grqqìv ã wlwuh lqglfdwli1 Hq hhw/ lov rqw ìwì uìd0
olvìv gdqv oh f|forkh{dqh1 Ru gdqv ohv vflqwloodwhxuv/ lov vrqw pìodqjìv ã gx sro|vw|uëqh/
fh txl prglh oìjëuhphqw ohxuv sursulìwìv g*ìplvvlrq hw g*devruswlrq gh sduw oh fkdqjh0
phqw g*hqylurqqhphqw1 Fhshqgdqw/ lo dssdudñw wuëv qhwwhphqw txh oh vshfwuh g*ìplvvlrq
gx SRSRS shuphw gh gìfdohu o*ìplvvlrq oxplqhxvh gx s0whuskìq|o srxu uhqguh oh vshfwuh
g*ìplvvlrq gx vflqwloodwhxu frpsdwleoh dyhf oh pd{lpxp g*devruswlrq gh od skrwrfdwkrgh
85
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gx skrwrpxowlsolfdwhxu xwlolvì +ã vdyrlu fhqwuì dxwrxu gh 758 qp,1 Ohv vshfwuhv g*ìplvvlrq
rqw ìwì uìdolvìv ã xqh orqjxhxu g*rqgh h{flwdwulfh vlwxìh ã 5;3 qp +srxu oh s0whuskìq|o,
hw ã 673 qp +srxu oh SRSRS,/ ã o*dlgh g*xq vshfwurskrwrpëwuh gh  xruhvfhqfh Klwdfkl
I07831 Ohv vshfwuhv g*devruswlrq rqw ìwì uìdolvìv ã o*dlgh g*xq vshfwurpëwuh XY2Ylv2QLU
Shunlq Hophu Odpegd 4<1


































Ilj1 714= Vshfwuh g*devruswlrq hw g*ìplvvlrq gx s0whuskhq|o gdqv oh f|forkh{dqh1
Ohv irupxohv gìyhorssìhv ghv frqvwlwxdqwv xwlolvìv srxu od ideulfdwlrq gh vflqwloodwhxuv
sodvwltxhv vrqw grqqìhv vxu ohv jxuhv 716/ 717/ 718 hw 7191 Srxu wrxwhv fhv proìfxohv/
od vwuxfwxuh gh edvh frqwlhqw dx prlqv xq qr|dx ehq}ìqltxh txl/ gh sduw vd ulfkhvvh hq
ìohfwurqv Z/ hvw ã od edvh gx skìqrpëqh gh vflqwloodwlrq1
71415 Ohv ìoìphqwv grsdqwv
O*remhfwli gx grsdjh srxu fh w|sh gh vflqwloodwhxu hvw gh ohv uhqguh vhqvleohv dx{ qhx0
wurqv wkhupltxhv sdu ghv uìdfwlrqv qxfoìdluhv gh fdswxuh1
Ohv uìdfwlrqv gh fdswxuh ghv pdwìuldx{ vxvfhswleohv g*íwuh xwlolvìv srxu od gìwhfwlrq























































q $ qhxwurqv . iudjphqwv gh vvlrq 	 493 PhY
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Ilj1 715= Vshfwuh g*devruswlrq hw g*ìplvvlrq gx SRSRS gdqv oh f|forkh{dqh1
Ilj1 716= Irupxoh gìyhorssìh gx s0whuskìq|o




X1 Vrq xwlolvdwlrq hvw survfulwh gdqv ohv vflqwloodwhxuv sxlvtx*lo v*djlw gh pdwlëuh
qxfoìdluh grqw od gìwhqwlrq hw o*xwlolvdwlrq vrqw wuëv uìjohphqwìhv1
Hq idlw/ oh sulqflsdo sureoëph hvw gh wurxyhu xq frpsrvì fklpltxh vxvfhswleoh gh vh pì0
odqjhu dyhf od edvh gx vflqwloodwhxu sodvwltxh1 Hq rxwuh/ fh pdwìuldx grlw íwuh uhodwlyhphqw
lqhuwh ylv ã ylv ghv dxwuhv frqvwlwxdqwv vflqwloodqwv1
 O*Kìolxp 6 hvw ìfduwì ã fdxvh gh vrq ìwdw sk|vltxh jd}hx{ gdqv ohv frqglwlrqv
qrupdohv gh whpsìudwxuh hw gh suhvvlrq1
 Oh Olwklxp hvw xq dofdolq wuëv uìdfwli1 Lo hvw xwlolvì hq fklplh rujdqltxh hw frqvwlwxh
wrxwh xqh idplooh gh frpsrvìv U0Ol1 Fhv frpsrvìv vrqw wuëv iudjlohv fdu wuëv uìdfwliv
hw idflohphqw k|gurolvdeohv1 Fh w|sh gh uìdfwli hvw hq hhw vxvfhswleoh g*lqwhudjlu dyhf
ohv grxeohv oldlvrqv gx vw|uëqh/ fh txl srxuudlw dprufhu xqh sro|pìulvdwlrq sdu yrlh
dqlrqltxh1 Gdqv fh fdv gh jxuh/ oh Olwklxp vhudlw gh soxv h{fox gh od pdwulfh gx
sro|pëuh qdo/ oh uhqgdqw lpsursuh srxu oh grsdjh gx vflqwloodwhxu qdo1 Sdu frqwuh/






Ilj1 717= Irupxoh gìyhorssìh gx SRSRS
CH CH2
Ilj1 718= Irupxoh gìyhorssìh gx vw|uëqh
lqrujdqltxh grsì dx Olwklxp 91 Hq hhw/ lo hvw uhodwlyhphqw idfloh gh o*dgmrlqguh ã
g*dxwuhv ìoìphqwv gdqv xqh vwuxfwxuh dpruskh gh w|sh yhuuh1
 Oh Jdgrolqlxp jìqëuh/ dsuëv lqwhudfwlrq dyhf ohv qhxwurqv wkhupltxhv/ ghv ìohf0
wurqv gh frqyhuvlrq lqwhuqh gh uhodwlyhphqw idleoh ìqhujlh +dxwrxu gh 433 nhY,1 Dyhf
fh frpsrvì/ vh srvh oh sureoëph gh od glvfulplqdwlrq gh sduwlfxohv1 Hq hhw/ frp0
phqw glìuhqflhu xq ìohfwurq suryhqdqw g*xqh lqwhudfwlrq g*xq jdppd +sdu hhw
Frpswrq rx skrwrìohfwultxh, g*xq ìohfwurq suryhqdqw g*xqh frqyhuvlrq lqwhuqh gx
JdgrolqlxpB
F*hvw srxutxrl oh fkrl{ gx grsdqw v*hvw rulhqwì yhuv xq frqvwlwxdqw eruì rujdqltxh1 Od
fklplh ghv erudqhv hvw wuëv gìyhorssìh hq fdqfìurorjlh qrwdpphqw juåfh dx wudlwhphqw
sdu EQFW +Erurq Qhxwurq Fdswxuh Wkhuds|, ^Krxvhfuriw <3`1 Fhwwh whfkqltxh xwlolvh ghv
proìfxohv rujdqltxhv eruìhv txl vh {hqw vxu ohv fhooxohv fdqfìuhxvhv1 Oruvtxh oh sdwlhqw
hvw vrxplv ã xqh luudgldwlrq qhxwurqltxh/ ohv qr|dx{ gh Eruh 43 vh fdvvhqw hq lrqv doskd
hw Olwklxp gìwuxlvdqw dlqvl od fhooxoh pdodgh1
Od proìfxoh g*ruwkrfduerudqh suìvhqwìh vxu od jxuh 71: suìvhqwh xqh iruph fdjh fd0
udfwìulvwltxh1 Od v|qwkëvh gh fh w|sh gh fduerudqh hvw g*dloohxuv gìwdlooì gdqv ohv uìiìuhqfhv
vxlydqwhv ^Ihlq 96d`/ ^Ihlq 96e`/ ^Kh|lqj 96` hw ^Dgdpv 97`1 Oh pìodqjh dyhf oh sro|vw|uëqh
hvw uhqgx srvvleoh sdu od suìvhqfh gh oldlvrq F0K txl idflolwh od vroxelolwì gh fh w|sh gh
frpsrvì dx vhlq gx sro|pëuh1
715 Prgh rsìudwrluh
Od ideulfdwlrq ghv vflqwloodwhxuv sodvwltxhv grsìv dx Eruh/ plvh dx srlqw gxudqw fhv
wudydx{ gh wkëvh/ d grqqì olhx ã xq gìs÷w gh euhyhw gh od sduw gh od vrflìwì dpìulfdlqh
Qdqrswlfv Lqf ^W|pldqvnl <6`1
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Ilj1 71:= Irupxoh gìyhorssìh gx r0fduerudqh
71514 Sulqflsh gh od sro|pìulvdwlrq
Od uìdolvdwlrq g*xq vflqwloodwhxu rujdqltxh sodvwltxh lpsoltxh od ideulfdwlrq g*xq sro|0
pëuh1 Hq fklplh pdfurproìfxodluh/ lo hvw frxudqw g*xwlolvhu ghv lqlwldwhxuv gh sro|pìulvd0
wlrq udglfdodluhv rx jìqìudwhxuv gh udglfdx{ oleuhv frpph o*D}rLvrExw|urQlwuloh rx DLEQ
dq gh frqwu÷ohu od sro|pìulvdwlrq1 Fh w|sh gh frpsrvì hvw gh od iruph U0Q@Q0U/ txl hq
fkdxdqw vh gìfrpsrvh hq Q  hw hq 5 udglfdx{ U
 
1 O*dpruêdjh hvw uìdolvì sdu dgglwlrq gh
fhv udglfdx{ vxu ohv proìfxohv gx prqrpëuh +P,/ dyhf rxyhuwxuh gh od grxeoh oldlvrq hw
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Srxu ìylwhu wrxwh uìdfwlrq gh whuplqdlvrq sdu ghv lpsxuhwìv/ lo hvw qìfhvvdluh gh wudydloohu
dyhf ghv frpsrvìv sxuv hw xq plolhx lqhuwh1 Hq hhw/ o*R{|jëqh hvw xq djhqw gh whuplqdlvrq
h!fdfh1 Lo v*dgglwlrqqh srxu grqqhu oh udglfdo URR
 
1 Fh udglfdo hvw vwdeoh hw qh shxw sdv
dprufhu xqh qrxyhooh fkdñqh pdfurproìfxodluh1 G*dloohxuv o*R{|jëqh hvw qìidvwh srxu ohv
sursulìwìv qdohv gh vflqwloodwlrq sxlvtx*lo hvw dxvvl xq txhqfkhxu wuëv h!fdfh ghv ìwdwv
wulsohwv ghv frpsrvdqwv gx vflqwloodwhxu ^Kruurfnv :4d` hw ^Kruurfnv :4e`1 Ohv lpsxuhwìv
srxuudlhqw dxvvl qxluh dx uhqghphqw gh oxplqhvfhqfh1
Od uìdolvdwlrq gh vflqwloodwhxuv sodvwltxhv lpsrvh grqf g*xwlolvhu ghv surgxlwv dxvvl sxuv
txh srvvleoh srxu ìylwhu o*dssruw g*lpsxuhwìv txl srxuudlhqw qxluh dx uhqghphqw gh oxpl0
qhvfhqfh1 Dlqvl ohv lqlwldwhxuv gh sro|pìulvdwlrq udglfdodluh frxudpphqw xwlolvìv odlvvhqw
wrxmrxuv xq uìvlgx dx vhlq gx sro|pëuh qdo1 F*hvw grqf od sro|pìulvdwlrq udglfdodluh sdu
yrlh wkhupltxh txl d ìwì uhwhqxh srxu fh wudydlo1 Oh vw|uëqh hvw oh vhxo prqrpëuh grqw
lo d ìwì prqwuì vdqv ìtxlyrtxh tx*lo shxw vh sro|pìulvhu sdu dxwr0dpruêdjh1 Od ylwhvvh
ghv sro|pìulvdwlrqv dxwr0dprufìhv hvw ehdxfrxs soxv idleoh txh fhooh ghv sro|pìulvdwlrqv
dprufìhv sdu gìfrpsrvlwlrq wkhupltxh g*xq dprufhxu1 Dlqvl od ylwhvvh gh sro|pìulvdwlrq






Dxwuhphqw glw/ oh wdx{ gh frqyhuvlrq gx prqrpëuh hq sro|pëuh ydulh gh 3/4 ( sdu
khxuh ã 93
 
/ ã < ( sdu khxuh srxu xqh whpsìudwxuh gh sro|pìulvdwlrq gh 453
 
1 Fh wdx{
dwwhlqw 6/5; ( sdu khxuh ã 93
 
 dyhf xqh frqfhqwudwlrq hq dprufhxu gh 4 ( hq srlgv sdu
udssruw dx prqrpëuh ^Phuflhu <6`1 Vl od sro|pìulvdwlrq gìexwh ã 93
 
/ shx gh udglfdx{
vrqw fuììv hw ghv fkdñqhv gh sro|pëuhv orqjxhv vrqw rewhqxhv1 D soxv kdxwh whpsìudwxuh/
ehdxfrxs gh udglfdx{ vrqw irupìv hw oh prqrpëuh hvw udslghphqw wudqvirupì1 Lo hq uìvxowh
ghv fkdñqhv gh sro|pëuh soxv frxuwhv1 Fhfl idyrulvh od glxvlrq Ud|ohljk gdqv oh sro|pëuh1
Gh soxv/ od uìdfwlrq gh sro|pìulvdwlrq ìwdqw h{rwkhupltxh/ hooh suryrtxh xqh ìoìydwlrq
udslgh gh od whpsìudwxuh1 Ghv srlqwv fkdxgv shxyhqw vh gìyhorsshu hq glìuhqwv hqgurlwv gh
o*dpsrxoh hw frqgxluh udslghphqw ã o*dssdulwlrq gh exoohv1 Oh plolhx hvw wuëv ylvtxhx{1 Ohv
exoohv vh wurxyhqw grqf idflohphqw slìjìhv gdqv od pdvvh1 Od sro|pìulvdwlrq h{rwkhupltxh
grlw grqf íwuh uljrxuhxvhphqw frqwu÷oìh/ sulqflsdohphqw hq gìexw gh sro|pìulvdwlrq1 Od
whpsìudwxuh lqlwldoh srxu dprufhu od sro|pìulvdwlrq grlw íwuh frpsulvh hqwuh <3 hw 443
 

^Uherxujhdug <<`1 O*lqfrqyìqlhqw pdmhxu gh fhwwh pìwkrgh hvw od gl!fxowì ã pdñwulvhu od
flqìwltxh gh od uìdfwlrq gh sro|pìulvdwlrq1
8:
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71515 Sxulfdwlrq ghv surgxlwv
O*hqvhpeoh ghv surgxlwv vflqwloodqwv xwlolvìv grlyhqw dyrlu xqh sxuhwì vxsìulhxuh ã <8 (
rx vflqwloodwlrq judgh/ | frpsulv oh vw|uëqh txl grlw íwuh glvwlooì1
O*ruwkr0fduerudqh hvw txdqw ã oxl owuì fdu vrq ghjuì gh sxuhwì ydulh hq irqfwlrq ghv
dssurylvlrqqhphqwv gh <; ( ã <8 ( gh sxuhwì1 Srxu xqh sxuhwì frpphufldoh gh <8 (/
o*dqdo|vh ìoìphqwdluh hq pdvvh grqqh =
 pìwd0fduerudqh ã 3/66 (/
 ruwkr0fduerudqh ã <9/:6 (/
 ìwk|o0ruwkr0fduerudqh ã 4/54(/
 dxwuh frpsrvì eruì gh pdvvh prodluh 4;5 j ã 4/:7 ( grqw od vwuxfwxuh q*d sx íwuh
gìwhuplqìh1
Wrxv fhv frpsrvìv fklpltxhv vrqw vroxeohv gdqv oh vw|uëqh ã o*h{fhswlrq gx frpsrvì
eruì gh pdvvh prodluh 4;5 j tx*lo idxw ìolplqhu sdu owudwlrq1
Oh vw|uëqh hvw glvwlooì vrxv ylgh dq g*hq ìolplqhu oh whuexw|ofdwhfkro/ lqklelwhxu gh
sro|pìulvdwlrq udglfdodluh suìvhqw ã xqh frqfhqwudwlrq gh txhotxhv ssp1 Oh glvsrvlwli
+Fi1 jxuh 71;, hvw frqvwlwxì g*xqh frorqqh gh Yljuhx{/ g*xq uìiuljìudqw hw g*xq glvsrvlwli
dsshoì slh gh ydfkh shuphwwdqw gh vìsduhu od iudfwlrq gh wíwh gh od glvwloodwlrq gx
uhvwh gh od glvwloodwlrq1 Dq g*ìylwhu od sro|pìulvdwlrq gx vw|uëqh oruv gh od glvwloodwlrq/ gh
o*k|gurtxlqrqh/ xq dxwuh lqklelwhxu gh sro|pìulvdwlrq udglfdodluh/ hvw lqfrusruì dx vw|uëqh
ã glvwloohu gdqv oh edoorq1 Txhotxhv prufhdx{ gh slhuuh srqfh vrqw ìjdohphqw dmrxwìv fdu
lov shuphwwhqw g*krprjìqìlvhu wkhupltxhphqw oh pìodqjh1 Od whpsìudwxuh gx sdolhu gh
glvwloodwlrq vh vlwxh dxwrxu gh 79
 
/ srxu oh ylgh sulpdluh gh 53 pp gh Kj xwlolvì1
Ilj1 71;= Vfkìpd gh o*dssduhloodjh gh glvwloodwlrq xwlolvì1
8;
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71516 Gìjd}djh hw pìodqjh
Dsuëv od glvwloodwlrq gx vw|uëqh/ xq exoodjh ã o*dujrq hvw hhfwxì dq gh fkdvvhu o*r{|0
jëqh1 O*R{|jëqh hvw qìidvwh ã grxeoh wlwuh1 Hq hhw/ frpph lo o*d ìwì qrwì suìfìghpphqw/
o*R{|jëqh hvw xq lqklelwhxu gh sro|pìulvdwlrq dvvh} h!fdfh hw f*hvw ìjdohphqw xq txhq0
fkhxu wuëv h!fdfh ghv ìwdwv wulsohwv ghv vflqwloodwhxuv1
Xqh irlv oh exoodjh whuplqì/ oh vw|uëqh glvwlooì hvw pìodqjì dx SSS/ dx SRSRS sxlv
ã o*ruwkr0fduerudqh gdqv ohv sursruwlrqv lqgltxìhv gdqv oh wdeohdx 7151 Xq grsdjh ã 8 (
hq pdvvh hq Eruh qdwxuho lqgxlw xq grsdjh ã 4 ( hq Eruh 431 Frpswh whqx gh od pdvvh
prodluh gh o*ruwkr0fduerudqh/ lo idxw 9/99 ( g*ruwkr0fduerudqh/ srxu dyrlu oh píph grsdjh
ã 4 ( hq Eruh 431




ruwkr0fduerudqh 4 0 43 (
Wdeohdx 715= Frpsrvlwlrq ghv vflqwloodwhxuv ideultxìv
Dsuëv krprjìqìlvdwlrq/ o*hqvhpeoh hvw gìjd}ì/ ã o*dlgh g*xqh srpsh sulpdluh frxsoìh
ã xq slëjh ã d}rwh/ sdu xqh vìulh +hqwuh 5 hw 7, gh jhov ã o*d}rwh oltxlgh +:: N, sxlv gìjhov
ã whpsìudwxuh dpeldqwh1 Fhwwh rsìudwlrq d srxu remhfwli gh uhwluhu o*hqvhpeoh ghv jd}
glvvrxwv dx vhlq gx pìodqjh hw qrwdpphqw o*Dujrq dlqvl txh fhx{ sulvrqqlhuv ghv srxguhv
+SRSRS/ s0whuskìq|o hw ruwkr0fduerudqh,1 Hq hhw/ oruv gx fkdxdjh gx pìodqjh gxudqw
od sro|pìulvdwlrq/ fhv jd} srxuudlhqw v*ìfkdsshu hw grqf iruphu ghv exoohv1 Ru fhv exoohv
vrqw qìidvwhv srxu xqh erqqh sursdjdwlrq gh od oxplëuh gdqv oh vflqwloodwhxu1
71517 F|foh wkhupltxh
Gëv oruv o*dpsrxoh ã sro|pìulvhu hvw sodfìh gdqv xq edlq g*kxloh pdlqwhqx sdu uìjxod0
wlrq wkhupltxh ã <3
 
1 Gëv txh oh pìodqjh hvw ghyhqx ylvtxhx{/ xq f|foh wkhupltxh hvw
uìdolvì hq lqfoxdqw xqh prqwìh gh od whpsìudwxuh mxvtx*ã 473
 
1
O*h!fdflwì gx wudqvihuw g*ìqhujlh hqwuh oh sro|vw|uëqh hw oh s0whuskìq|o glplqxh vl od
whpsìudwxuh gh sro|pìulvdwlrq dxjphqwh oruv gx surfìgì1 Gh píph/ xqh sro|pìulvdwlrq
lqfrpsoëwh gìwìulruh ohv sursulìwìv gh oxplqhvfhqfh gh fhv pdwìuldx{1 Od sro|pìulvdwlrq
q*hvw sdv wrwdoh/ lo uhvwh wrxmrxuv txhotxhv ( gh prqrpëuh qrq sro|pìulvìv gdqv oh sro|0
pëuh qdo1 Fh prqrpëuh hvw oltxlgh hw uhvwh sulvrqqlhu ghv fkdñqhv gx sro|pëuh1
Vhorq od pdqlëuh grqw v*hvw gìurxoìh od sro|pìulvdwlrq/ ohv fkdñqhv gh sro|pëuh vrqw
soxv rx prlqv orqjxhv1 Sdu xqh phvxuh gh pdvvh/ lo hvw srvvleoh g*rewhqlu o*lqglfh gh
sro|glvshuvlwì txl shuphw gh frqqdñwuh od orqjxhxu pr|hqqh ghv fkdñqhv gx sro|pëuh1
8<
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O*dqdo|vh sdu V1H1F +Vl}h H{foxvlrq Fkurpdwrjudsk| rx hqfruh fkurpdwrjudsklh sdu
shupìdwlrq gh jho, gx vflqwloodwhxu sodvwltxh grsì dx Eruh frqgxlw/ dsuëv dqdo|vh gx fkur0
pdwrjudpph/ ã xqh pdvvh prodluh hq qrpeuh gh 6/8143
 
hw xqh pdvvh prodluh hq srlgv
gh 9/9143
 
1 O*hqvhpeoh gh fhv pdvvhv vrqw h{sulpìhv hq ìtxlydohqw sro|vw|uëqh1 Oh sr0
o|vw|uëqh dqdo|vì d ìwì frqvlgìuì frpph shx rx sdv uìwlfxoì1 O*lqglfh gh sro|glvshuvlwì
hvw gh 4/;8/ fh txl vljqlh tx*lo | d xqh glvshuvlrq ghv orqjxhxuv ghv fkdñqhv1 Fh uìvxowdw
hvw frpsdudeoh ã fhx{ rewhqxv srxu ghv sro|pìulvdwlrqv udglfdodluhv fodvvltxhv1 Ghv ph0
vxuhv gh srlqwv gh ixvlrq rqw prqwuì txh fh sro|pëuh qh irqgdlw tx*ã 573
 
1 Fhfl hvw hq
frqwudglfwlrq dyhf o*k|srwkëvh gh qrq uìwlfxodwlrq ghv fkdñqhv1 Oh vflqwloodwhxu ideultxì
dx oderudwrluh hvw grqf wuëv uìwlfxoì ã fdxvh gh od pìwkrgh gh sro|pìulvdwlrq xwlolvìh1 Od
phvxuh ghv orqjxhxuv ghv fkdñqhv gh sro|pëuh hvw lpsruwdqwh1 Hq hhw/ ohv sursulìwìv rs0
wltxhv gx pdwìuldx vrqw g*dxwdqw phloohxuhv txh ohv fkdñqhv gh sro|pëuh rqw ghv orqjxhxuv
frpsdudeohv1
71518 Pìwkrgh gh o*lqmhfwlrq
Vxlwh ã ghv sureoëphv shuvlvwdqwv g*dssdulwlrq gh exoohv gxhv ã od ydsrulvdwlrq orfdoh
gh vw|uëqh dx qlyhdx gh srlqwv fkdxgv/ xqh dxwuh vwudwìjlh gh ideulfdwlrq d ìwì uhwhqxh
vxu oh sulqflsh gh o*lqmhfwlrq sodvwltxh vrxv suhvvlrq/ elhq frqqx ghv sodvwxujlvwhv1 D fhwwh
q/ xq prxoh hq dflhu d ìwì uìdolvì dx vhlq gx gìsduwhphqw1 Lo irqfwlrqqh vhorq oh sulqflsh
gx slvwrq1 O*dflhu gh od idfh lqwìulhxuh hvw srol dyhf xqh uxjrvlwì gh 3/7 >p ã o*dlgh g*xq
doìvdjh wuëv q1 Fhfl shuphw g*hqylvdjhu xqh idleoh hpsulvh gx sro|pëuh vxu ohv dvsìulwìv gh
o*dflhu1 Hq frpsoìphqw/ o*lqwìulhxu gx prxoh d ìwì uhfrxyhuw gh Sro|WìwudIoxrurHwk|oëqh
+rx SWIH, dq gh olplwhu o*dffurfkdjh gx sro|pëuh dx{ sdurlv gx prxoh1 Gëv txh oh
pìodqjh ghylhqw ylvtxhx{/ fhoxl0fl hvw yhuvì vrxv dwprvskëuh g*Dujrq gdqv oh prxoh hq
dflhu wì rqqì1 O*hqvhpeoh hvw plv vrxv suhvvlrq dq g*ìylwhu od irupdwlrq gh exoohv1
Oh sodq suìvhqwì vxu od jxuh 71< suìvhqwh oh irqfwlrqqhphqw gh fh prxoh1 Oh slvwrq d
xq grxeoh u÷oh1 Lo shuphw gdqv xq suhplhu whpsv gh phwwuh oh pìodqjh vrxv suhvvlrq gxudqw
od sro|pìulvdwlrq sxlv gh srxvvhu oh eduuhdx xqh irlv od uìdfwlrq whuplqìh1 Gh soxv/ xqh
ydoyh d ìwì dmrxwìh dq gh uìdolvhu xq ylgh sulpdluh dx ghvvxv gh od vxuidfh gx pìodqjh1
Od suhvvlrq uìvlgxhooh/ suìvhqwh hqwuh od vxuidfh gx pìodqjh hw oh slvwrq/ hvw doruv ìjdoh ã
od suhvvlrq gh ydshxu vdwxudqwh gx vw|uëqh frpswh whqx gx gìelw hw gh od gìsuhvvlrq txh
od srpsh sulpdluh shxw lpsrvhu1 Xqh qdssh fkdxdqwh hvw hqurxoìh dxwrxu gx prxoh1 Od
whpsìudwxuh gh irqfwlrqqhphqw gh fh glvsrvlwli hvw surjudppdeoh shuphwwdqw gh fkdxhu
oh pìodqjh mxvtx*ã 473
 
 hw gh vxlyuh oh f|foh wkhupltxh suìfìghpphqw h{solflwì1
71519 Uìvxowdw
Od skrwr 7143 suìvhqwh o*lpdjh g*xq vflqwloodwhxu sodvwltxh qrq grsì uìdolvì sdu od
pìwkrgh gh o*dpsrxoh ã sro|pìulvhu1 Oh vflqwloodwhxu d xqh orqjxhxu xwloh gh 48 fp hw
xq gldpëwuh gh 7 fp1 Oh pdwìuldx hvw luudglì sdu xqh odpsh ã xowudylrohw/ fh txl shuphw
g*revhuyhu od  xruhvfhqfh gx pdwìuldx/ hvvhqwlhoohphqw gxh ã o*dfwlrq gx SRSRS1
93
7161 FDUDFWÌULVDWLRQ RSWLTXH
Ilj1 71<= Sodq gx prxoh ghvwlqì ã od uìdolvdwlrq gh vflqwloodwhxu
Ilj1 7143= Skrwrjudsklh g*xq vflqwloodwhxu sodvwltxh looxplqì sdu xqh odpsh X1Y1
716 Fdudfwìulvdwlrq rswltxh
71614 Phvxuh gh o*lqglfh gh uìiudfwlrq rswltxh
O*lqglfh rswltxh ghv vflqwloodwhxuv gìyhorssìv dx oderudwrluh d ìwì phvxuì dq gh
frqqdñwuh od idêrq grqw od oxplëuh vh sursdjh1 O*lqglfh gh uìiudfwlrq gh o*ìfkdqwloorq d
ìwì gìgxlw gh o*dqjoh olplwh gh uì h{lrq wrwdoh w  ! "#! $%& ã o*lqwhuidfh g*xq sulvph g*lqglfh
ìohyì +q'()*+,-./01 @4/<, hw o*ìfkdqwloorq +Fi1 jxuh 7144,1
O*dssduhlo xwlolvì srxu fhwwh phvxuh hvw xq Phwulfrq Sulvp Frxsohu SF05333 txl
shuphw/ sdu o*dssolfdwlrq g*xqh suhvvlrq vxu oh op vflqwloodqw ã dqdo|vhu/ gh oh frxsohu ã
xq sulvph gh uìiìuhqfh grqw ohv lqglfhv rswltxhv vrqw sduidlwhphqw frqqxv1 Od glvwdqfh
hqwuh oh sulvph hw o*ìfkdqwloorq grlw íwuh lqiìulhxuh ã 3/4 >p srxu txh od phvxuh vrlw
srvvleoh1
Wurlv orqjxhxuv g*rqgh rqw ìwì xwlolvìhv srxu phvxuhu o*lqglfh gh uìiudfwlrq gh fh w|sh
gh pdwìuldx1 Ohv uìvxowdwv ghv phvxuhv vrqw frqvljqìv gdqv oh wdeohdx 7161
? 21*3.456789:,+ﬁﬀ ﬀ ﬂ*8 ' ?'()ﬃ+,-?/@1  t? Ew  ! "#! $%&  +71:,
Oh ? 21A3A4(678B:ﬁ+ﬁﬀ ﬀ ﬂ*8 hvw gìgxlw gh od phvxuh gh o*dqjoh gh uì h{lrq wrwdo g*dsuëv od uhodwlrq
+71:,1 Od irupxoh gh Vhoophlhu +Fi1 ìtxdwlrq 71;, grqqh xqh erqqh dssur{lpdwlrq gh od
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Échantillon
Ilj1 7144= Glvsrvlwli gh phvxuh gh o*lqglfh rswltxh gx vflqwloodwhxu
yduldwlrq gh o*lqglfh hq irqfwlrq gh od orqjxhxu g*rqgh/ srxu ohv orqjxhxuv g*rqgh qhwwhphqw











Orqjxhxu g*rqgh +qp, Lqglfh phvxuì
S2c H c DHb
Hf c DHD2
e c D.S
Wdeohdx 716= Phvxuh gh o*lqglfh rswltxh hq irqfwlrq gh od orqjxhxu g*rqgh
Ohv frh!flhqwv q  / b  hw  vrqw rewhqxv sdu dmxvwhphqw sdu od pìwkrgh ghv prlqguhv
fduuìv dx{ wurlv phvxuhv h{sìulphqwdohv1
b  ' S2f ?6 ( ?  ' c D. (  ' 22b ?6
 
+71<,
Od orqjxhxu g*rqgh g*ìplvvlrq sulqflsdoh hvw gh 758 qp srxu fh w|sh gh vflqwloodwhxu1 Fhw
lqglfh rswltxh ydxw doruv sdu h{wudsrodwlrq gh od uhodwlrq +71;, dyhf ohv frh!flhqwv fdofxoìv
+71<,1
? !    !" ' c S +7143,
D 758 qp/ od ydohxu rewhqxh sdu od orl gh Vhoophlhu/ vxlwh ã qrv phvxuhv/ hvw frkìuhqwh dyhf
fhoohv gh od olwwìudwxuh ^Elfurq <<`1 Fhshqgdqw/ frpswh whqx gh od sur{lplwì gx pd{lpxp
























Ilj1 7145= Dmxvwhphqw g*xqh frxueh gh Vhoophlhu dx{ phvxuhv gh o*lqglfh rswltxh g*xq
vflqwloodwhxu sodvwltxh grsì dx eruh
71615 Fdudfwìulvwltxhv vshfwudohv lqiud0urxjhv ghv frqvwlwxdqwv
vflqwloodqwv hw grsdqwv
Od whfkqltxh gh vshfwurvfrslh LqiudUrxjh ã Wudqvirupìhv gh Irxuulhu +IWLU, shuphw
gh uhsìuhu ohv edqghv fdudfwìulvwltxhv ghv surgxlwv dqdo|vìv1 Dlqvl/ fhwwh pìwkrgh g*dqd0
o|vh shuphw gh glvwlqjxhu ohv glìuhqwv ìoìphqwv suìvhqwv gdqv xq pìodqjh gh proìfxohv
vxlydqw ohv w|shv gh oldlvrqv fklpltxhv grqw glvsrvhqw fhv frpsrvìv lqglylgxhoohphqw1 Ohv
vshfwuhv lqiud0urxjhv gh qrv ìfkdqwloorqv rqw ìwì phvxuìv dyhf xq vshfwurpëwuh lqiud0urxjh
ã wudqvirupìh gh Irxuulhu IWLU Eu nhu LI 991 Od uìvroxwlrq gh fhw dssduhloodjh hvw gh 5
fp  
 
1 Od fdudfwìulvdwlrq ghv surgxlwv juåfh dx{ vshfwuhv IWLU lpsoltxh od uìdolvdwlrq gh
sdvwlooh gh surgxlw plv hq glvshuvlrq gdqv gx NEu +fulvwdo lrqltxh wrwdohphqw wudqvsduhqw
gdqv oh grpdlqh lqiud0urxjh,1 Vhxohphqw 5 pj gh surgxlw ã dqdo|vhu vrqw pìodqjìv dyhf
533 pj gh NEu1
Dlqvl srxu oh sro|vw|uëqh +Fi1 jxuh 7148, ohv edqghv g*doorqjhphqw ghv oldlvrqv F0K
gx qr|dx durpdwltxh shxyhqw íwuh revhuyìhv yhuv 6343 fp  
 
1 Ohv edqghv gh gìirupdwlrq
kruv gx sodq gh fhv oldlvrqv F0K vrqw ylvleohv hqwuh 4993 hw 5333 fp  
 
1 Ohv edqghv dx{ hqyl0
urqv gh 4833 hw 4933 fp  
 
vrqw fdudfwìulvwltxhv gx qr|dx durpdwltxh1 Hoohv fruuhvsrqghqw
dx{ yleudwlrqv g*doorqjhphqw ghv oldlvrqv F0F gx vtxhohwwh durpdwltxh1 Ohv edqghv fru0
uhvsrqgdqw dx{ yleudwlrqv gh gìirupdwlrq gdqv oh sodq ghv oldlvrqv F0K durpdwltxh vh
vlwxhqw hqwuh 4333 hw 4533 fp  
 
1 Ohv edqghv gh yleudwlrq gh gìirupdwlrq kruv gx sodq
ghv oldlvrqv F0K vrqw soxv fdudfwìulvwltxhv hw vh wurxyhqw hqwuh <33 hw 9:8 fp  
 
1 Hqq ohv
jurxshv dofdqhv 0FK ! 0 rqw ghv edqghv fdudfwìulvwltxhv yhuv 5<63 fp  
 
hw 4783 fp  
 
1 Fhv
edqghv fruuhvsrqghqw uhvshfwlyhphqw dx{ yleudwlrqv g*doorqjhphqw dv|pìwultxh ghv oldl0
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vrqv F0K ghv jurxshv +FK  , hw dx{ yleudwlrqv gh flvdloohphqw gh 0FK  0 hw dx{ yleudwlrqv
gh gìirupdwlrq ghv oldlvrqv F0K1
Ohv edqghv dxwrxu gh 4783 fp  
!
vrqw vxshusrvìhv ã fhoohv fruuhvsrqgdqw dx{ oldlvrqv
F0F gx vtxhohwwh durpdwltxh1 F*hvw srxutxrl fhv edqghv vrqw suìvhqwhv vxu oh vshfwuh gx
s0whuskìq|o txl q*d sdv gh jurxshphqw pìwk|oëqh 0FK  0 +Fi1 jxuh 714:,1
Oh SRSRS suìvhqwh xq vshfwuh +Fi1 jxuh 7147, soxv frpsoh{h gdqv od uìjlrq 933 0
4533 fp  
!
1 Od edqgh fdudfwìulvwltxh gh od yleudwlrq g*doorqjhphqw gh od oldlvrq F0R vh
vlwxh yhuv 446: fp  
!
/ dyhf xqh edqgh gh soxv iruwh lqwhqvlwì ã <83 fp  
!
1 Od jxuh 7149
prqwuh od uìsrqvh rewhqxh srxu oh sro|vw|uëqh oruvtx*lo hvw pìodqjì dyhf oh s0whuskìq|o
hw oh SRSRS1 Ohv edqghv fdudfwìulvwltxhv vh wurxyhqw doruv pìodqjìhv1
O*ruwkr0fduerudqh suìvhqwh xqh edqgh fdudfwìulvwltxh lqwhqvh hqwuh 58;3 hw 5933 fp  
!
+Fi1 jxuh 714;, gxh dx{ yleudwlrqv g*doorqjhphqw gh od oldlvrq E0K1 Fhwwh edqgh dssdudñw
ã xqh iuìtxhqfh oìjëuhphqw vxsìulhxuh ã od iuìtxhqfh kdelwxhooh gh 5783 fp  
!
hw wìprljqh
gh od suìvhqfh gh
!  
E gdqv od proìfxoh1 Od edqgh vlwxìh dxwrxu gh 6433 fp  
!
hvw jìqìuìh
sdu ohv oldlvrqv F0K gh od proìfxoh g*ruwkr0fduerudqh1
Hq vshfwurvfrslh lqiud0urxjh/ oh frpsrvì gx pìodqjh vflqwloodqw grsì oh soxv idflohphqw
lghqwldeoh hvw o*ruwkr0fduerudqh hq udlvrq gh vd edqgh fdudfwìulvwltxh E0K vlwxìh hqwuh
5733 hw 5933 fp  
!
1 Hq hhw/ o*devhqfh gh edqghv gdqv od uìjlrq 5833 0 5933 fp  
!
vxu










Spectre FTIR du PS+o-carborane
















Ilj1 7146= Vshfwuh IWLU gh o*ruwkr0fduerudqh glvvrxw gdqv oh sro|vw|uëqh
oh vshfwuh IWLU 7149 g*xq vflqwloodwhxu sodvwltxh qrq grsì shuphw gh yìulhu od suìvhqfh
rx o*devhqfh g*ruwkr0fduerudqh gdqv oh surgxlw qdo1 Dlqvl/ oruvtxh o*ruwkr0fduerudqh hvw
pìodqjì dyhf gx sro|vw|uëqh +Fi1 jxuh 7146,/ ohv edqghv fdudfwìulvwltxhv E0K uhvwhqw
ylvleohv1 Gh soxv/ oh vshfwuh 714; frquph od vwuxfwxuh fklpltxh gh o*ruwkr0fduerudqh
grqqì sdu od vrflìwì Vwuhp Fkhplfdo1
Gh o*hqvhpeoh ghv vshfwuhv IWLU suìfìghqwv/ lo dssdudñw fodluhphqw txh od suìvhqfh











Spectre FTIR du POPOP
















Ilj1 7147= Vshfwuh IWLU gx SRSRS








Spectre FTIR du Polystyrène
















Ilj1 7148= Vshfwuh IWLU gx sro|vw|uëqh








Spectre FTIR du PS+PPP+POPOP
















Ilj1 7149= Vshfwuh IWLU gx pìodqjh vflqwloodqw sro|vw|uëqh . s0whuskìq|o . SRSRS
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Spectre FTIR du PPP
















Ilj1 714:= Vshfwuh IWLU gx s0whuskìq|o








Spectre FTIR du o-carborane
















Ilj1 714;= Vshfwuh IWLU gh o*ruwkr0fduerudqh
99
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71616 Fdudfwìulvdwlrq sdu vshfwurpìwulh XY 0 ylvleoh ghv vflq0
wloodwhxuv
Ohv vflqwloodwhxuv vrqw ghv vrolghv wudqvoxflghv gdqv oh grpdlqh vshfwudo gx ylvleoh1
Fhv sro|pëuhv rqw xqh vwuxfwxuh dpruskh1 Frpswh whqx gh od suìvhqfh gh qrpeuhx{
qr|dx{ ehq}ìqltxhv/ fhuwdlqv fhqwuhv froruìv mdxqhv shxyhqw dssdudñwuh uìvxowdqw vrlw g*xqh
uìdfwlrq g*r{|gdwlrq vxuyhqxh oruv g*xq wurs iruw fkdxdjh gxudqw od ideulfdwlrq vrlw g*xq
ylhloolvvhphqw gx vflqwloodwhxu gþ ã xqh grvh fxpxoìh g*luudgldwlrq wurs lpsruwdqwh1
Od fdudfwìulvdwlrq X1Y1 0 ylvleoh shuphw gh yìulhu txh od wudqvsduhqfh gx vflqwloodwhxu ã
vd sursuh orqjxhxu g*rqgh g*ìplvvlrq hvw vx!vdqwh srxu dvvxuhu xqh wudqvplvvlrq fruuhfwh
gx vljqdo oxplqhx{1
O*dssduhlo xwlolvì srxu fhv phvxuhv hvw xq Vshfwurpëwuh XY2Ylv2QLU Shunlq0Hophu
Odpegd 4<1 O*ìfkdqwloorq ã dqdo|vhu hvw sorqjì gdqv xqh fxyh dx{ sdurlv sduidlwhphqw
sdudooëohv hw uhpsolh g*ìwkdqro1 Fh glvsrvlwli shuphw gh v*dudqfklu ghv sureoëphv g*dgds0
wlrq g*lqglfh hw gh uì h{lrqv sdudvlwhv1 Oh vshfwuh 714< prqwuh xqh iruwh devruswlrq gh
od oxplëuh srxu ghv orqjxhxuv g*rqgh lqiìulhxuhv ã 733 qp ã fdxvh gh od suìvhqfh ghv
proìfxohv gh s0whuskìq|o hw gh SRSRS/ sxlvtxh fh vrqw ohv grpdlqhv g*devruswlrq gh fhv
proìfxohv1 O*ìsdlvvhxu gh o*ìfkdqwloorq dqdo|vì hvw gh 8/4 fp1 Od wudqvplvvlrq hvw gh ;3 (
srxu ohv sdurlv gh od fxyh hw o*ìwkdqro1 Dlqvl/ o*devruswlrq ã 758 qp uìhoohphqw gxh dx
vflqwloodwhxu hvw gh 58 ( srxu 8/4 fp gh vflqwloodwhxu sodvwltxh grsì dx Eruh1






























Ilj1 714<= Phvxuh gh od wudqvplvvlrq rswltxh g*xq vflqwloodwhxu sodvwltxh grsì dx eruh1
71617 Phvxuh gh od orqjxhxu gh ghpl0dwwìqxdwlrq
Od orqjxhxu gh ghpl0dwwìqxdwlrq hvw od glvwdqfh srxu odtxhooh o*lqwhqvlwì g*xq idlvfhdx
oxplqhx{ wudyhuvdqw oh pdwìuldx ìwxglì hvw glylvìh sdu ghx{1 Fhwwh grqqìh ydulh dyhf
od orqjxhxu g*rqgh dx píph wlwuh txh o*devruswlrq gdqv oh pdwìuldx ìwxglì1 Qrpeuh gh
9:
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ideulfdqwv gh vflqwloodwhxuv grqqhqw xqh ydohxu gh od orqjxhxu gh ghpl dwwìqxdwlrq srxu
xq odvhu KhQh ã 965 qp1 Ru od yìulwdeoh grqqìh sk|vltxh shuwlqhqwh hvw o*dxwrdevruswlrq
gx pdwìuldx/ f*hvw ã gluh od fdsdflwì gx pdwìuldx ã wudqvphwwuh ohv skrwrqv tx*lo jìqëuh
+orqjxhxu g*rqgh g*ìplvvlrq dxwrxu gh 758 qp,1
Ghx{ pìwkrghv rqw ìwì xwlolvìhv srxu phvxuhu fhwwh devruswlrq1 Od suhplëuh frqvlvwh
ã sodfhu oh vflqwloodwhxu h{flwì sdu xq odvhu ã 744 qp gdqv xqh vskëuh lqwìjudwulfh1 Od
vhfrqgh phw hq rhxyuh oh vshfwurpëwuh grqw o*xwlolvdwlrq hvw suìvhqwìh gdqv oh sdudjudskh
suìfìghqw1
Pìwkrgh xwlolvdqw od vskëuh lqwìjudwulfh
Od orqjxhxu gh ghpl0dwwìqxdwlrq d sx íwuh fdofxoìh sdu xqh pìwkrgh gh phvxuh g*de0
vruswlrq xwlolvdqw xqh vskëuh lqwìjudwulfh gh oxplëuh1 Oh glvsrvlwli h{sìulphqwdo hvw suì0
vhqwì vxu od jxuh 7153 = Xq odvhu ìphwwdqw ã 744 qp +sxlvvdqfh ìjdoh ã 7 pZ, hvw dwwìqxì
rx qrq dyhf xqh odph g*xqh ghqvlwì rswltxh +G1R1, gh 4/8;1 Sxlv oh idlvfhdx sìqëwuh sdu xq
wurx gh 5 pp gh gldpëwuh gdqv xqh vskëuh lqwìjudwulfh gh w|sh WUF03930VO +Odevskhuh
Owg, grqw o*lqwìulhxu hvw uhfrxyhuw g*xq uhyíwhphqw eodqf wuëv glxvdqw gx w|sh ZUF09;3
+Odevskhuh Owg1, ^Pdulq 33`1
Ilj1 7153= Glvsrvlwli xwlolvì srxu phvxuhu o*dwwìqxdwlrq gx pdwìuldx vflqwloodqw
D o*lqwìulhxu gh od vskëuh/ xqh skrwrglrgh Kdpdpdwvx V55;4 shuphw gh phvxuhu od
txdqwlwì wrwdoh gh oxplëuh uhêxh1 Fhwwh skrwrglrgh d ìwì ìwdorqqìh/ fh txl shuphw gh
fruuìohu oh frxudqw gìolyuì sdu od skrwrglrgh hw o*ìfodluhphqw tx*hooh vxelw1 O*remhfwli gh
fhwwh pìwkrgh hvw gh phvxuhu o*devruswlrq gx pdwìuldx1 Srxu fh idluh/ wurlv phvxuhv rqw
ìwì uìdolvìhv1




 Od vhfrqgh dyhf o*ìfkdqwloorq suìvhqw gdqv od vskëuh pdlv kruv gx wudmhw gx idlvfhdx
odvhu +vhxoh od oxplëuh glxvìh vxu ohv sdurlv lqwhuqhv gh od vskëuh hw od oxplëuh
glxvìh sxlv devrueìh sdu oh eduuhdx vrqw sulvhv hq frpswh,/
 Oh wurlvlëph hvvdl dyhf o*ìfkdqwloorq suìvhqw gdqv oh idlvfhdx odvhu +od oxplëuh devru0
eìh suryhqdqw gluhfwhphqw gx idlvfhdx dlqvl txh od oxplëuh glxvìh vrqw sulvhv hq
frpswh,1
Hq glylvdqw od vhfrqgh phvxuh sdu od wurlvlëph/ od oxplëuh glxvìh sdu oh eduuhdx
hvw ìolplqìh ^Pdulq 33`1 Oh frh!flhqw g*devruswlrq gx pdwìuldx hq yroxph shxw íwuh dlqvl
fdofxoì/ lqgìshqgdpphqw gh o*ìwdw gh vxuidfh gh o*ìfkdqwloorq1 O*h{suhvvlrq gh o*dwwìqxdwlrq
hvw grqqìh sdu od orl gh Ehhu0Odpehuw +ìtxdwlrq 7144, =
U ' U   i T E>% +7144,
 L  hw L vrqw uhvshfwlyhphqw ohv lqwhqvlwìv lqflghqwh hw wudqvplvh sdu oh plolhx dqdo|vì1
 > hvw oh frh!flhqw g*devruswlrq gx plolhx1
 % hvw od glvwdqfh sdufrxuxh sdu oh idlvfhdx oxplqhx{ gdqv oh plolhx ìwxglì1
Sxlvtxh od judqghxu shuwlqhqwh hvw od orqjxhxu dx erxw gh odtxhooh L  hvw glylvì sdu 5/
f*hvw { !
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1 Hq frqfoxvlrq/ od orqjxhxu gh ghpl dwwìqxdwlrq fdofxoìh sdu fhwwh pìwkrgh
hvw gh 48	7 fp1
Pìwkrgh xwlolvdqw oh vshfwurpëwuh
Fhwwh pìwkrgh xwlolvh oh vshfwuh suìvhqwì vxu od jxuh 714<1 O*dssduhloodjh plv hq
rhxyuh hvw xq Vshfwurpëwuh XY2Ylv2QLU Shunlq0Hophu Odpegd 4<1 Oh glvsrvlwli h{sì0
ulphqwdo frqvlvwh ã sodfhu gdqv xqh fxyh xq ìfkdqwloorq gh vflqwloodwhxu sodvwltxh grsì
dx Eruh1 Fhw ìfkdqwloorq ìwdqw f|olqgultxh/ xqh fxyh dx{ sdurlv sodqhv hw sdudooëohv d ìwì
xwlolvìh dq gh frpshqvhu ohv sureoëphv gh irfdolvdwlrq +oh vflqwloodwhxu hvw ìtxlydohqw ã
xqh jurvvh ohqwlooh f|olqgultxh frpswh whqx gh vd jìrpìwulh f|olqgultxh, hw gh uì h{lrq
oxplqhxvh gxh ã od jìrpìwulh gh o*ìfkdqwloorq1 Fhwwh fxyh hvw uhpsolh g*ìwkdqro/ fh txl
shuphw g*dyrlu xqh erqqh dgdswdwlrq g*lqglfh hqwuh ohv sdurlv gh od fxyh hq sro|vw|uëqh
hw oh vflqwloodwhxu ìwxglì1 Gh soxv/ ohv glxvlrqv gxhv dx{ lpshuihfwlrqv gx srolvvdjh vrqw
jrppìhv sdu o*xwlolvdwlrq gh o*ìwkdqro1
Oh 433 ( gh od wudqvplvvlrq hvw grqqì sdu od frxueh gh od fxyh vhxoh uhpsolh g*ìwkdqro1
Frpswh whqx gh fh fkdqjhphqw gh uìiìuhqfh/ o*hqvhpeoh fxyh 0 ìwkdqro 0 vflqwloodwhxu
prqwuh xqh wudqvplvvlrq gh :8 ( srxu xq ìfkdqwloorq txl idlw 84 pp gh gldpëwuh1 Gdqv
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oh glvsrvlwli h{sìulphqwdo suìvhqwì/ oh srxufhqwdjh gh skrwrqv uì ìfklv hvw grqqì sdu od
uhodwlrq 7146 txl wlhqw frpswh ghv ghx{ glrswuhv irupìv sdu ohv ghx{ sdurlv gh od fxyh1
O*lqglfh gh o*dlu ìwdqw gh 4 hw fhoxl gx plolhx gh 4/9/ oh idfwhxu gh wudqvplvvlrq +W, hvw
grqf ìjdo/ hq wkìrulh/ ã ;</7 (1
A '
Ee?  ? ! 
!
E?  n ? ! 
 +7146,





Od orqjxhxu gh ghpl0dwwìqxdwlrq +{ #
$
, ydxw doruv 53	5 fp sdu fhwwh pìwkrgh1
Uìvxowdwv
Hq frqfoxvlrq/ ohv ghx{ pìwkrghv xwlolvìhv grqqhqw ghv uìvxowdwv frpsdudeohv/ dx{
huuhxuv h{sìulphqwdohv suëv1 O*lqfhuwlwxgh dvvrflìh ã od phvxuh uìdolvìh juåfh ã od pìwkrgh
xwlolvdqw oh vshfwurpëwuh hvw soxv idleoh txh fhooh dvvrflìh ã od pìwkrgh xwlolvdqw od vskëuh
lqwìjudwulfh1 Fhwwh glìuhqfh surylhqw lqwulqvëtxhphqw gh od pìwkrgh xwlolvìh1 Hq hhw/ ohv
phvxuhv xwlolvdqw od vskëuh lqwìjudwulfh ydulh hq irqfwlrq gh o*lqwhqvlwì gx idlvfhdx odvhu
lqflghqw doruv txh ohv phvxuhv uìdolvìhv ã o*dlgh gx vshfwurpëwuh vh vrqw uìyìoìv ehdxfrxs
soxv vwdeoh1
Dlqvl/ ohv ydohxuv gh od orqjxhxu gh ghpl0dwwìqxdwlrq srxu xqh orqjxhxu g*rqgh gh
758 qp vrqw/ vhorq od pìwkrgh/ frpsulvh hqwuh 48 fp hw 53 fp1 Fhshqgdqw/ fhv ydohxuv
vrqw orlq gh fhoohv grqqìhv sdu ohv ideulfdqwv/ sxlvtxh vlwxìhv dxwrxu ghv orqjxhxuv g*rqgh
g*ìplvvlrq ghv vflqwloodwhxuv1 Hq hhw/ od orqjxhxu gh ghpl0dwwìqxdwlrq hvw frpsulvh hqwuh
;3 hw 4;3 fp ã 965 qp vhorq oh vflqwloodwhxu dqdo|vì1 Ohv ydohxuv phvxuìhv lfl vrqw soxv
shuwlqhqwhv gdqv ohxu vhqv sk|vltxh txh fhoohv grqqìhv sdu ohv fdwdorjxhv ghv ideulfdqwv fdu
ohv skrwrqv jìqìuìv sdu oh vflqwloodwhxu rqw xqh orqjxhxu g*rqgh vlwxìh dxwrxu gh 758 qp
hw qrq 965 qp1
71618 Fdudfwìulvdwlrq sdu vshfwur xrulpìwulh
Fhwwh whfkqltxh g*dqdo|vh shuphw gh gìwhuplqhu oh vshfwuh gh  xruhvfhqfh gx pdwì0
uldx ìwxglì1 Hooh xwlolvh xqh oxplëuh h{flwdwulfh grqw od orqjxhxu g*rqgh gìwhuplqìh/ hq
o*rffxuuhqfh lfl 6;3 qp/ hw phvxuh ã <3
!
od oxplëuh txl hvw uììplvh sdu oh pdwìuldx hq
vìohfwlrqqdqw/ sdu xq uìvhdx/ od orqjxhxu g*rqgh dqdo|vìh gh od oxplëuh uììplvh1 O*ds0
sduhlo xwlolvì srxu fhwwh phvxuh hvw xq vshfwur xrulpëwuh Klwdfkl I7833 Ioxruhvfhqfh
Vshfwurskrwrphwhu1
Lo dssdudñw fodluhphqw vxu od jxuh 7154 txh oh vshfwuh g*ìplvvlrq gh od oxplëuh g*xq
vflqwloodwhxu sodvwltxh qh gìshqg sdv gh od suìvhqfh rx gh o*devhqfh gh grsdjh1 Od glìuhqfh
g*dpsolwxgh revhuyìh vxu oh vshfwuh v*h{soltxh hq sduwlh sdu ghv glphqvlrqv g*ìfkdqwloorqv
glìuhqwhv hw sdu oh idlw txh oh grsdjh lpsoltxh xqh dwwìqxdwlrq gh od oxplëuh soxv lpsru0








Longueur d'onded'excitation de départ 380 nm
Scintillateur plastique dopé au bore



















Ilj1 7154= Frpsdudlvrq ghv vshfwuhv gh  xruhvfhqfh gh vflqwloodwhxuv sodvwltxhv grsìv rx
qrq dx eruh
717 Dqdo|vh UPQ
Od vshfwurvfrslh UPQ irxuqlw xqh suhxyh gh o*hqylurqqhphqw vwuxfwxudo ghv qr|dx{
lqglylgxhov g*k|gurjëqh gdqv oh fdv gh od UPQ
 
K1 Hooh grqqh ìjdohphqw xqh lqirupdwlrq
h{wuíphphqw gìwdlooìh frqfhuqdqw o*djhqfhphqw vwuxfwxudo g*xqh proìfxoh1
Ohv phvxuhv sdu Uìvrqdqfh Pdjqìwltxh Qxfoìdluh +U1P1Q1, rqw ìwì uìdolvìhv dx fhqwuh
gh uhfkhufkh vxu ohv Wklrsro|pëuhv gh o*LVPUD +Lqvwlwxw ghv Vflhqfhv gh od Pdwlëuh hw gx
Ud|rqqhphqw, ã FDHQ1 O*dssduhlo UPQ xwlolvì hvw xq Eu fnhu GU[ 733PK} dyhf xqh
vrqgh 8 pp EEREE1 Od iuìtxhqfh sulqflsdoh gh o*rvfloodwhxu lqwhuqh gìwhuplqh od txdolwì
gx vshfwurpëwuh UPQ1 Soxv fhwwh iuìtxhqfh gh uìvrqdqfh hvw lpsruwdqwh/ phloohxuh hvw
od vìsdudwlrq hqwuh ohv q0wxsoìv vljqdx{ suryhqdqw ghv qr|dx{ g*k|gurjëqh d|dqw ghv
yrlvlqdjhv lghqwltxhv1
Oh vroydqw xwlolvì hvw vrlw oh wroxëqh ghxwìuì +F G ! FG " , vrlw oh fkoruriruph ghxwìuì
+FGFo " ,1 Xqh jrxwwh gh WìwudPìwk|ovlodqh +EFK "   Vl rx WPV, hvw dmrxwìh ã fhv vroydqwv1
Fh frpsrvì shuphw dlqvl gh {hu/ sdu frqyhqwlrq/ oh }ìur ghv gìsodfhphqwv fklpltxhv vxu
o*ìfkhooh ghv devflvvhv1
Srxu oh prqrpëuh gh vw|uëqh +Fi1 jxuh 7155 hw 7156,/ ohv flqt surwrqv durpdwltxhv
vrqw sudwltxhphqw ìtxlydohqwv hw vruwhqw ã :/5 ssp1 Ohv surwrqv ylq|oltxhv grqqhqw ohv ;
slfv hqwuh 8 hw : ssp txl iruphqw xq wrlw1 Fhwwh vwuxfwxuh v*h{soltxh sduidlwhphqw hq
idlvdqw lqwhuyhqlu od frqvwdqwh gh frxsodjh hqwuh 5 surwrqv ylflqdx{ + M !
"
" '5 K}, hqwuh 5
surwrqv hq srvlwlrq flv +M  
"
! ' f K}, hw hqwuh 5 surwrqv wudqv +M  
"
" '4: K},1
Fhwwh vwuxfwxuh glvsdudñw gdqv oh vshfwuh gx sro|vw|uëqh +Fi1 jxuh 715: hw 7156,1 Ohv
surwrqv hq srvlwlrq e gx f|foh +Fi1 wdeohdx 7156, rqw oh píph hqylurqqhphqw pdjqìwltxh
hw grqqhqw xq vljqdo yhuv : ssp1 O*lqwìjudoh gh fh slf fruuhvsrqg g*dloohxuv ã 6 surwrqv1
Ohv surwrqv hq srvlwlrq d vrqw frxsoìv dyhf ohv surwrqv hq srvlwlrq f gh od fkdñqh hq pìwd1
:4
FKDSLWUH 71 IDEULFDWLRQ HW FDUDFWÌULVDWLRQ RSWLTXH
GH VFLQWLOODWHXUV SODVWLTXHV


















Ilj1 7155= Vshfwuh UPQ
 
K gx vw|uëqh uìdolvì gdqv gx wroxëqh ghxwìuì
Lov ghyudlhqw grqqhu xq vljqdo soxv uìvrox pdlv gdqv oh fdv g*xq sro|pëuh/ hq udlvrq gh
od ylvfrvlwì gx plolhx/ od uìvroxwlrq hvw prlqv erqqh1 Oh vljqdo ghv 5 surwrqv dssdudñw ã
9/8 ssp1 Ohv surwrqv gh od fkdñqh sulqflsdoh hq srvlwlrq f hw g grqqhqw xq pdvvli fhqwuì
ã 4/8 ssp hw grqw o*lqwìjudwlrq fruuhvsrqg ã 6 surwrqv1
Oh vshfwuh UPQ gx surwrq gh o*ruwkr0fduerudqh +Fi1 jxuh 7158, prqwuh xqh vwuxfwxuh
rvfloodwrluh hqwuh 4 hw 6 ssp1 Fhwwh vwuxfwxuh hvw fdudfwìulvwltxh gh fhwwh proìfxoh1 Hooh
surylhqw gx frxsodjh hqwuh ohv surwrqv F0K hw E0K gh od proìfxoh1
Oh vshfwuh UPQ gx surwrq gx SRSRS q*d sdv ìwì uìdolvì1 Hq hhw/ frpswh whqx gh
vd idleoh frqfhqwudwlrq gdqv oh vflqwloodwhxu qdo/ prlqv gh 4 ( hq pdvvh/ vd gìwhfwlrq sdu
od whfkqltxh UPQ hvw luuìdolvdeoh dyhf ohv dssduhlov xwlolvìv1
Oh vshfwuh gx SSS d ìwì uìdolvì elhq txh fhoxl0fl vrlw gl!flohphqw vroxeoh gdqv oh
wroxëqh1 Lo suìvhqwh xq vhxo slf ã :/8 ssp1 Ohv surwrqv durpdwltxhv vrqw gìeolqgìv sdu
udssruw dx{ surwrqv durpdwltxhv gx sro|vw|uëqh ã fdxvh ghv wurlv qr|dx{ skìq|o olìv hqwuh















Ilj1 7156= Irupxoh gx vw|uëqh hw gx sro|vw|uëqh
Xqh dqdo|vh UPQ shuphw gh gìwhuplqhu od vwuxfwxuh fklpltxh ghv ìoìphqwv pdlv
ìjdohphqw ohv ìyhqwxhoohv sursruwlrqv uhodwlyhv ghv xqv sdu udssruw dx{ dxwuhv1 Oh vshfwuh
UPQ g*xq vflqwloodwhxu qrq grsì d ìwì uìdolvì +Fi1 vshfwuh 7159,1 Vhxohv ohv vwuxfwxuhv gx
:5
7171 DQDO\VH UPQ


















Ilj1 7157= Vshfwuh UPQ
 
K gh o*ruwkrfduerudqh glvvrxw gdqv gx sro|vw|uëqh uìdolvì gdqv
gx wroxëqh ghxwìuì





















Ilj1 7158= Vshfwuh UPQ
 
K gx r0fduerudqh uìdolvì gdqv gx wroxëqh ghxwìuì
sro|vw|uëqh hw gx s0whuskìq|o dssdudlvvhqw1 Sdu frqwuh/ o*ruwkrfduerudqh pìodqjì dyhf oh
sro|vw|uëqh dssdudñw dyhf vd vwuxfwxuh rvfloodwrluh fdudfwìulvwltxh hqwuh 4 hw 6 ssp +Fi1
vshfwuh 7157,1 O*dqdo|vh UPQ g*xq vflqwloodwhxu sodvwltxh grsì dx Eruh frqgxlud grqf ã
od suìvhqfh gh fhwwh vwuxfwxuh rvfloodwrluh fdudfwìulvwltxh1 Fhwwh pìwkrgh shuphw grqf gh
vljqhu/ dx píph wlwuh txh od vshfwurvfrslh lqiud0urxjh/ od suìvhqfh g*ruwkr0fduerudqh gdqv
xq vflqwloodwhxu sodvwltxh grsì1
:6
FKDSLWUH 71 IDEULFDWLRQ HW FDUDFWÌULVDWLRQ RSWLTXH
GH VFLQWLOODWHXUV SODVWLTXHV

















Ilj1 7159= Vshfwuh UPQ
 
K gx sro|vw|uëqh pìodqjì ã gx s0whuskìq|o hw gx SRSRS uìdolvì
gdqv gx wroxëqh ghxwìuì


















Ilj1 715:= Vshfwuh UPQ
 
K gx sro|vw|uëqh sxu uìdolvì gdqv gx fkoruriruph ghxwìuì FGFo  
:7
Fkdslwuh 8
Plvh hq rhxyuh gx vflqwloodwhxu
Od surgxfwlrq gh oxplëuh hvw oh skìqrpëqh gh edvh gh od vflqwloodwlrq1 Fhshqgdqw/
ã fdxvh gh od idleohvvh ghv uhqghphqwv oxplqhx{ gh frqyhuvlrq
 
/ lo idxw íwuh hq phvxuh
gh uhfxhloolu oh pd{lpxp gh skrwrqv jìqìuìv lqlwldohphqw hw gh ohv frqyhuwlu dyhf xq
uhqghphqw oh phloohxu srvvleoh hq vljqdo ìohfwultxh h{sorlwdeoh1
814 Frxsodjh rswltxh
F*hvw dx qlyhdx ghv lqwhuidfhv txh ehdxfrxs gh skrwrqv vrqw shugxv1 Hq hhw/ hq
o*devhqfh g*xq frxsodjh h!fdfh/ hqylurqv ; ( ghv skrwrqv vrqw uì ìfklv dx qlyhdx ghv
lqwhuidfhv +vflqwloodwhxu0dlu sxlv dlu0skrwrfdwkrgh,1 Hq xwlolvdqw xqh judlvvh rswltxh/ od
wudqvlwlrq hqwuh fhv ghx{ plolhx{ grqw ohv lqglfhv vrqw glvwdqwv hvw surjuhvvlyh/ fh txl
idyrulvh od sursdjdwlrq ghv skrwrqv mxvtx*ã od skrwrfdwkrgh1 Hq hhw/ o*lqglfh gh od skr0
wrfdwkrgh hvw gh 4/8 ã 733 qp ^Skrwrqlv 33` doruv txh oh vflqwloodwhxu d xq lqglfh ã 758 qp
gh 4/941 O*dgdswdwlrq g*lqglfh hqwuh fhv ghx{ plolhx{ hvw uìdolvìh sdu od judlvvh rswltxh1
Dq gh v*dvvxuhu txh od judlvvh rswltxh xwlolvìh hvw elhq wudqvsduhqwh gdqv ohv jdpphv
gh orqjxhxuv g*rqgh gh wudydlo/ xq vshfwuh XY 0 ylvleoh d ìwì uìdolvì1 D fhwwh q/ xqh qh
frxfkh gh judlvvh gh 3/4 pp g*ìsdlvvhxu d ìwì ìwdoìh hqwuh ghx{ odphoohv gh yhuuh1 Od
frxsxuh vxu oh vshfwuh yhuv 633 qp hvw gxh dx yhuuh hw qrq ã od judlvvh1
Od frxueh 5 gx vshfwuh 814 prqwuh xqh wudqvplvvlrq frpsulvh hqwuh ;3 hw ;8 (1
Fhv ydohxuv gh wudqvplvvlrq grlyhqw íwuh srqgìuìhv g*xq idfwhxu 4/3;1 Hq hhw/ lo idxw
whqlu frpswh ghv 7 ( gh shuwh gh wudqvplvvlrq olìh dx{ uì h{lrqv uìdolvìhv vxu fkdtxh
glrswuh fuìì sdu ohv odphoohv gh yhuuh1 Lo dssdudñw qdohphqw txh ;9 ( ã <5 ( ghv skrwrqv
duulydqw vxu oh glvsrvlwli h{sìulphqwdo vrqw wudqvplv gdqv od jdpph gh orqjxhxu g*rqgh
733 0 833 qp1 Oruv gh o*xwlolvdwlrq gh fh w|sh gh judlvvh srxu oh frxsodjh rswltxh hqwuh
oh skrwrpxowlsolfdwhxu hw oh vflqwloodwhxu/ o*dwwìqxdwlrq vh vlwxh dxwrxu gh 43 (/ srxu xqh
ìsdlvvhxu gh 4 pp1 Fhwwh ghuqlëuh grlw íwuh od soxv idleoh srvvleoh dq gh olplwhu dx
pd{lpxp o*dwwìqxdwlrq gh od oxplëuh gdqv od judlvvh1
!
Sdu h{hpsoh/ od fdswxuh g*xq qhxwurq wkhupltxh qh jìqëuh tx*hqylurq 733 skrwrqv gh vflqwloodwlrq
gdqv xq vflqwloodwhxu sodvwltxh grsì dx Eruh
:8
FKDSLWUH 81 PLVH HQ RHXYUH GX VFLQWLOODWHXU
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Ilj1 814= Frpsdudlvrq ghv sursulìwìv gh wudqvplvvlrq gh od uìvlqh ìodvwrpëuh hw gh od
judlvvh Grz Fruqlqj xwlolvìh1
Hq olhx hw sodfh gh od judlvvh vlolfrqh/ lo hvw srvvleoh g*xwlolvhu ghv froohv ìsr{| d|dqw
gh wuëv erqqhv sursulìwìv rswltxhv wdqw vxu oh sodq gh od wudqvsduhqfh txh vxu oh sodq gh
o*dgdswdwlrq g*lqglfh1 Qìdqprlqv/ oh prqwdjh hvw uìdolvì xqh irlv srxu wrxwh/ fh txl h{foxw
wrxwh uìxwlolvdwlrq gx skrwrpxowlsolfdwhxu1
Oh frxsodjh hqwuh oh vflqwloodwhxu hw od ihqíwuh g*hqwuìh gh od skrwrfdwkrgh shxw ìjdoh0
phqw xwlolvhu xqh uìvlqh ìodvwrpëuh vlolfrqh UWY474 +Suroder,1 Fh surgxlw d od sursulìwì
g*dyrlu xqh wuëv erqqh dgkìvlrq sdu hhw yhqwrxvh vxu ohv vxuidfhv h{hpswhv gh gìidxwv1
O*dgdswdwlrq g*lqglfh hqwuh oh vflqwloodwhxu hw od skrwrfdwkrgh hvw uìdolvìh sdu fhwwh uìvlqh
dsuëv dyrlu fkdvvì o*dlu suìvhqw hqwuh ohv ghx{ glrswuhv hqwrxudqw oh glvtxh gh uìvlqh ìodv0
wrpëuh1 Fh surgxlw ìwdqw xq vrolgh/ lo qh frxoh sdv/ frqwudluhphqw ã od judlvvh vlolfrqh1 Od
vwdelolwì gdqv oh whpsv gx prqwdjh vflqwloodwhxu 0 uìvlqh 0 skrwrfdwkrgh hvw grqf phloohxuh
txh fhooh gx prqwdjh phwwdqw hq rhxyuh od judlvvh rswltxh1 Hq hhw/ fhv judlvvhv vlolfrqhv
qh shxyhqw íwuh xwlolvìhv ã kdxwh whpsìudwxuh/ fdu ohxu ylvfrvlwì glplqxh iruwhphqw dyhf
od whpsìudwxuh dx srlqw tx*hoohv ghylhqqhqw wurs  xlghv srxu pdlqwhqlu xqh frqwlqxlwì
rswltxh hqwuh od skrwrfdwkrgh hw oh vflqwloodwhxu1 Ru ohv skìqrpëqhv g*ìfkdxhphqw gh
od skrwrfdwkrgh vrqw iuìtxhqwv vxu ohv skrwrpxowlsolfdwhxuv irqfwlrqqdqw vxu gh orqjxhv
sìulrghv1
Oh vshfwuh 814 shuphw gh frpsduhu ohv sursulìwìv gh wudqvsduhqfh gh od judlvvh vlolfrqh
hw gh o*ìodvwrpëuh srxu uhvshfwlyhphqw xqh ìsdlvvhxu gh 4 pp hw gh 5 pp1
Xqh irlv oh vflqwloodwhxu frxsoì/ o*hqvhpeoh grlw íwuh lvroì rswltxhphqw gh od oxplëuh gx
mrxu sdu xq glvsrvlwli pìfdqltxh dssursulì1
:9
8151 JXLGH OXPLËUH XWLOLVÌ
815 Jxlgh oxplëuh xwlolvì
Ohv jxlghv gh oxplëuh txl rqw ìwì gìyhorssìv srxu oh glvsrvlwli gh phvxuhv ghv pxo0
wlsolflwìv qhxwurqltxhv vrqw ã edvh g*Dowxjodvv1 Lo v*djlw hq idlw gh Soh{ljodvv rx SPPD/
sro|pìwkdfu|odwh gh pìwk|oh1 Od jxuh 815prqwuh txh fh w|sh gh pdwìuldx frqylhqw srxu
uìdolvhu ghv jxlghv gh oxplëuh1 Hq hhw/ oh vshfwuh g*ìplvvlrq ghv vflqwloodwhxuv +hqwuh 733
hw 783 qp, fruuhvsrqg dx plqlpxp g*devruswlrq srxu fh pdwìuldx1 Fhwwh devruswlrq hvw
lqiìulhxuh ã 7 ( srxu xqh ìsdlvvhxu gh ; pp1





















Ilj1 815= Vshfwuh g*devruswlrq gh o*Dowxjodvv
816 Oh skrwrpxowlsolfdwhxu [S5353
Oh skrwrpxowlsolfdwhxu xwlolvì hvw xq [S5353 gh od vrflìwì Skrwrqlv Lpdjlqj Vhqvru1
Ohv shuirupdqfhv ã od irlv hq whuph gh jdlq/ gh olqìdulwì gh od uìsrqvh hw gh udslglwì gh fh
wxeh vrqw hq dgìtxdwlrq dyhf qrwuh dssolfdwlrq1 Od vhqvlelolwì gh od fdwkrgh hvw gh o*ruguh
gh 45 >D2opI +Oxphq Ilowuì,/ fh txl fruuhvsrqg hqylurq ã ;3 >D2op1 Oh jdlq gh 6143
 
hvw
rewhqx srxu xqh whqvlrq g*hqylurq 5533 yrowv1 Srxu fh w|sh gh wxeh/ oh whpsv gh prqwìh
hvw gh o*ruguh gh 4/8 qv srxu xqh dolphqwdwlrq kdxwh whqvlrq gh 5833 Yrowv ^Prv}|qvnl <6`1
Oh jdlq gìulyh gh 4 ( dx erxw gh 49 khxuhv ^Skrwrqlv 33`1
Xqh frxsh vfkìpdwltxh gx sulqflsh gh irqfwlrqqhphqw g*xq skrwrpxowlsolfdwhxu hvw
grqqìh vxu od jxuh 8161 O*lqwìuíw ghv skrwrpxowlsolfdwhxuv uìvlgh gdqv oh jdlq gh o*dp0
solfdwlrq +jdlq srvvleoh mxvtx*ã 6143
 
,1
Od ihqíwuh g*hqwuìh hvw frqvwlwxìh gh erurvlolfdwh +S|uh{, txl d xq lqglfh gh 4/83 ã
733 qp1 Frpswh whqx gh fhw lqglfh hw gh fhoxl gx vflqwloodwhxu/ od judlvvh rswltxh shuphw
::
FKDSLWUH 81 PLVH HQ RHXYUH GX VFLQWLOODWHXU
Ilj1 816= Frxsh vfkìpdwltxh gx irqfwlrqqhphqw g*xq skrwrpxowlsolfdwhxu ^Skrwrqlv 33`1
xqh dgdswdwlrq surjuhvvlyh gh o*lqglfh hw ìylwh dlqvl ohv sureoëphv gh vdxwv g*lqglfh eux0
wdx{1 Od olplwh gh frxsxuh ã <3( vh vlwxh ã 5:3 qp/ elhq hq ghêã ghv orqjxhxuv g*rqgh
g*ìplvvlrq ghv vflqwloodwhxuv dx{txhov qrxv qrxv lqwìuhvvrqv1
Od skrwrfdwkrgh gh fh wxeh hvw gh w|sh eldondol D1 Od jxuh 817 suìvhqwh od frxueh
gh uìsrqvh gh fh w|sh gh skrwrfdwkrgh hq irqfwlrq gh od orqjxhxu g*rqgh gh od oxplëuh
lqflghqwh1 Lo dssdudñw fodluhphqw txh srxu fh w|sh gh skrwrfdwkrgh/ oh slf gh uhqghphqw
txdqwltxh vh vlwxh dxwrxu gh 753 qp1 Fh uhqghphqw txdqwltxh ydxw hqylurq 43 ( ã 758 qp
^Skrwrqlv 33` +Frxueh 4 gh od jxuh 817,1
Oh srqw glylvhxu xwlolvì hvw oh YG457n txl shuphw xq frpsurplv hqwuh od ylwhvvh hw od
olqìdulwì1 Od glvwulexwlrq gh od whqvlrq hvw surjuhvvlyh wrxw dx orqj ghv 45 g|qrghv1 Od
jxuh 818 suìvhqwh oh vfkìpd ìohfwurqltxh gh fh srqw glylvhxu1 Od uìvlvwdqfh joredoh gx
srqw glylvhxu hqwuh od suhplëuh g|qrgh hw o*dqrgh ydxw 5/48 l  O*hqvhpeoh gh fh srqw
glylvhxu hvw frqvwlwxì g*ìoìphqwv sxuhphqw sdvvliv1
Od whqvlrq gh vhuylfh shxw doohu mxvtx*ã 6333 Yrowv1 Gdqv oh fdguh gh fhwwh ìwxgh
od whqvlrq gx skrwrpxowlsolfdwhxu d ìwì {ìh ã 5333 Yrowv1 D fhwwh whqvlrq/ ohv vljqdx{
hq suryhqdqfh ghv jdppd rx ghv qhxwurqv rqw xqh dpsolwxgh vx!vdqwh srxu dwwdtxhu
gluhfwhphqw ohv dpsolfdwhxuv udslghv gh plvh hq iruph1 Dxfxq v|vwëph gh vwdelolvdwlrq
gh jdlq q*d ìwì plv hq rhxyuh1 Hq hhw/ od pdmrulwì ghv h{sìulhqfhv d ìwì phqìh vxu ghv
whpsv lqiìulhxuv ã xqh mrxuqìh1 Vxu gh whov odsv gh whpsv/ oh jdlq gx skrwrpxowlsolfdwhxu
shxw íwuh frqvlgìuì frpph vwdeoh/ dsuëv xqh sìulrgh gh fkdxh suìdodeoh gh o*dssduhloodjh
^Skrwrqlv 33`1 Hq hhw/ oh frxudqw g*revfxulwì
 
glplqxh iruwhphqw gxudqw od suhplëuh ghpl0
!
Gdqv o*revfxulwì od soxv wrwdoh/ oh skrwrpxowlsolfdwhxu frqwlqxh g*ìphwwuh xq idleoh frxudqw txl hvw
:;
8161 OH SKRWRPXOWLSOLFDWHXU [S5353
Ilj1 817= Uìsrqvh gh glìuhqwhv skrwrfdwkrghv hq irqfwlrq gh od orqjxhxu g*rqgh gh od





































































Ilj1 818= Vfkìpd ìohfwurqltxh gx srqw glylvhxu YG457n
khxuh vxlydqw od plvh vrxv whqvlrq1
Ohv skrwrpxowlsolfdwhxuv vrqw wuëv vhqvleohv dx{ fkdpsv pdjqìwltxhv sdudvlwhv/ frpswh
whqx gh od irfdolvdwlrq wuëv suìflvh ghv ìohfwurqv vxu ohv g|qrghv1 Dq gh v*dudqfklu gh fh
w|sh gh sureoëph/ oh wxeh d ìwì xwlolvì gdqv xqh vwuxfwxuh pìfdqltxh hq dflhu lqfoxdqw xq
txdolì gh frxudqw g*revfxulwì1 Oh frxudqw g*revfxulwì hvw od uìvxowdqwh gh wurlv skìqrpëqhv sulqflsdx{1
Oh soxv lpsruwdqw surylhqw gx frxudqw gh ixlwh txl h{lvwh hqwuh ohv ìohfwurghv hw oh yhuuh gx skrwrpxo0
wlsolfdwhxu1
O*hplvvlrq g*ìohfwurqv sdu hhw wkhuplrqltxh gh od skrwrfdwkrgh frqvlvwxh xqh dxwuh vrxufh g*ìohfwurqv
srxu oh frxudqw g*revfxulwì1
O*ìplvvlrq sdu hhw gh fkdps surylhqw ghv lpsxuhwìv ìyhqwxhoohphqw suìvhqwhv ã od vxuidfh ghv ìohf0
wurghv1 Frpswh whqx ghv iruwv fkdpsv ìohfwultxhv/ lo | d ìplvvlrq ã sduwlu gh fhv lpsxuhwìv g*ìohfwurqv
txl sduwlflshqw ìjdohphqw dx frxudqw g*revfxulwì joredo 1
:<
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eolqgdjh hq pxpìwdo +dooldjh gh Ql+::(,/ Ih+47(,/ Fx +8(, hw Pr +7(,,1
Hq frqfoxvlrq/ o*hqvhpeoh frqvwlwxì gh fh wxeh skrwrpxowlsolfdwhxu hw gx srqw glylvhxu




Oh vflqwloodwhxu grlw íwuh lvroì rswltxhphqw gx plolhx h{wìulhxu sdu xq uhyíwhphqw
dgdswì1 Glyhuv w|shv gh uhyíwhphqwv shxyhqw íwuh hqylvdjìv dq g*dpìolruhu od txdqwlwì
gh skrwrqv vxvfhswleohv g*duulyhu dx qlyhdx gh od skrwrfdwkrgh gx wxeh gx skrwrpxo0
wlsolfdwhxu1 Lo h{lvwh ghx{ w|shv gh idploohv gh uhyíwhphqwv/ ohv uì hfwhxuv +w|sltxhphqw
o*Doxplqlxp, hw ohv glxvdqwv +w|sltxhphqw oh Wì rq rx ohv shlqwxuhv ã edvh g*r{|gh gh
wlwdqh WlR5 rx gh vxoidwh gh edu|xp EdVR ,1
81715 Ohv uì hfwhxuv
Srxu ohv uì hfwhxuv/ od sursulìwì xwlolvìh hvw od uì h{lrq wrwdoh hw pìwdooltxh ã o*lqwhuidfh
gh frqwdfw hqwuh oh pdwìuldx vflqwloodqw hw oh uhyíwhphqw1 Oh uhyíwhphqw uì hfwhxu oh soxv
xwlolvì hvw ã edvh gh ihxloohv g*Doxplqlxp g*ìsdlvvhxu qh +gh o*ruguh gh 433 >p, hqwrxudqw
oh vflqwloodwhxu1 O*remhfwli hvw gh surwhu gh od uì h{lrq pìwdooltxh srxu txh ohv skrwrqv
vxvfhswleohv gh vruwlu gx eduuhdx vflqwloodqw vrlhqw uì ìfklv sdu oh pìwdo1 Fhshqgdqw fh
w|sh gh ihxlooh qh shxw sdv íwuh frooì sduidlwhphqw elhq dx vflqwloodwhxu/ fh txl hqwudñqh/
srxu ohv skrwrqv/ xqh vruwlh gdqv o*dlu dydqw g*íwuh uì ìfklv sdu o*Doxplqlxp1 Od vwuxfwxuh
gx glvsrvlwli rswltxh hvw grqf od vxlydqwh = vflqwloodwhxu 0 frxfkh g*dlu 0 Doxplqlxp1
Ohv skrwrqv hq lqflghqfh vdwlvidlvdqw ohv frqglwlrqv gh uì h{lrq wrwdoh/ vrqw frqvhu0
yìv ã o*lqwìulhxu gx eduuhdx1 Ohv dxwuhv skrwrqv vruwhqw gx eduuhdx hw vrqw uì ìfklv sdu
o*Doxplqlxp1 Vhorq o*dqjoh vxlydqw ohtxho lov uhqfrqwuhqw gh qrxyhdx od idfh g*hqwuìh gx
vflqwloodwhxu/ ohv skrwrqv sìqëwuhqw ã qrxyhdx gdqv oh vflqwloodwhxu rx uhvwhqw jxlgìv sdu
o*Doxplqlxp gdqv od frxfkh g*dlu hqwuh o*doxplqlxp hw od vxuidfh gx vflqwloodwhxu mxvtx*ã
od skrwrfdwkrgh1
Xq gìs÷w g*Doxplqlxp gìsrvì sdu ìydsrudwlrq vrxv ylgh shxw íwuh hqylvdjì srxu
vxssulphu oh sureoëph gh od frxfkh g*dlu suìvhqwh hqwuh o*Doxplqlxp hw od vxuidfh gx vflq0
wloodwhxu1 Xqh uì h{lrq sduidlwh dx qlyhdx gh o*Doxplqlxp gìsrvì vhpeohudlw hqylvdjhdeoh1
Ru ohv uìvxowdwv rewhqxv vrqw wuëv glìuhqwv hq irqfwlrq gx surfìgì gh gìs÷w xwlolvì1 Ghx{
w|shv gh pdfklqh vrqw glvsrqleohv dx oderudwrluh srxu uìdolvhu ghv ìydsrudwlrqv g*Doxpl0
qlxp vrxv ylgh1 Ohv pdfklqhv shxyhqw xwlolvhu vrlw xq fdqrq ã ìohfwurqv srxu ydsrulvhu xqh
fkdujh g*Doxplqlxp/ vrlw oh sdvvdjh g*xq frxudqw lqwhqvh gdqv od fkdujh g*Doxplqlxp/ fh
txl hqwudñqh xqh ìydsrudwlrq wkhupltxh sdu fkdxdjh1
;3
8171 UHYÍWHPHQWV XWLOLVÌV
 Od suhplëuh pìwkrgh gìwìulruh gh idêrq qrwdeoh oh pdwìuldx1 Frpswh whqx gh o*ìqhu0
jlh ghv ìohfwurqv suryhqdqw gx fdqrq ã ìohfwurqv/ fhx{0fl yrqw surgxluh sdu ud|rqqh0
phqw gh iuhlqdjh +rx Euhpvwudkoxqj, ghv ud|rqv [ gh idleohv ìqhujlhv gdqv od fkdujh
g*Doxplqlxp1 Od txdqwlwì gh ud|rqv [ suìvhqwv gdqv o*hqfhlqwh hvw vx!vdqwh
 
srxu
lqgxluh xq ylhloolvvhphqw suìpdwxuì ghv txhotxhv suhplhuv pp gx vflqwloodwhxu fh
txl hvw ylvleoh sdu o*dssdulwlrq gh fhqwuhv froruìv mdxqhv fdudfwìulvwltxhv gh uìdfwlrqv
hqwuh ohv udglfdx{ oleuhv irupìv sdu o*luudgldwlrq hw ohv qr|dx{ ehq}ìqltxhv frpsr0
vdqwv oh vflqwloodwhxu1 Fhwwh pìwkrgh gh gìs÷w hvw grqf ã survfuluh frpsoëwhphqw
srxu ohv vflqwloodwhxuv rujdqltxhv1
 Od vhfrqgh pìwkrgh qh jìqëuh sdv gh ud|rqv [1 Sdu frqwuh/ ohv jrxwwhohwwhv g*Doxpl0
qlxp txl vh gìsrvhqw vxu od vxuidfh gx vflqwloodwhxu yrqw od idluh irqguh orfdohphqw1
Hq hhw/ o*Doxplqlxp hvw oltxlgh ã 993
!
 ã suhvvlrq dwprvskìultxh doruv txh gdqv
ohv píphv frqglwlrqv gh suhvvlrq/ oh vflqwloodwhxu irqg ã 573
!
1 Lo dssdudñw grqf
xqh vxuidfh wrxuphqwìh dx qlyhdx gh o*lqwhuidfh hqwuh od frxfkh g*Doxplqlxp hw
oh vflqwloodwhxu vxlwh ã xqh ixvlrq orfdoh gh fh ghuqlhu1 Elhq txh ohv skrwrqv vrlhqw
frqvhuyìv ã o*lqwìulhxu gx eduuhdx vflqwloodqw/ ohv dqjohv gh uì h{lrq qh vrqw doruv
soxv sduidlwv1 Ohv skrwrqv yrqw grqf sdufrxulu ghv orqjxhxuv soxv lpsruwdqwhv dydqw
g*dwwhlqguh od skrwrfdwkrgh/ fh txl dxjphqwh frqvlgìudeohphqw od suredelolwì tx*lov
vrlhqw devrueìv sdu oh pdwìuldx1
81716 Ohv glxvhxuv
Ohv sursulìwìv rswltxhv plvhv hq rhxyuh gìshqghqw gh o*ìsdlvvhxu hw gx w|sh gh uhyí0
whphqw xwlolvìv1 Vl fhoxl0fl d xqh ìsdlvvhxu uhodwlyhphqw idleoh/ lo v*djlw doruv gh uì h{lrq
hw gh vdxw g*lqglfh dx qlyhdx gh o*lqwhuidfh1 Vl sdu frqwuh/ o*ìsdlvvhxu hvw vxsìulhxuh ã
txhotxhv >p/ f*hvw oh sulqflsh rswltxh gh od glxvlrq txl hvw plv hq rhxyuh1 Gdqv oh fdv
gh od glxvlrq/ oruvtx*xq skrwrq duulyh dx frqwdfw gh o*lqwhuidfh/ lo shxw íwuh glxvì gh
idêrq ìtxlsuredeoh gdqv ohv 5 Z vwìudgldqv g*dqjoh vrolgh1 D od oxplëuh gh fhwwh sursulìwì/
lo dssdudñw qìfhvvdluh g*dyrlu ã o*dxwuh h{wuìplwì gx vflqwloodwhxu vrlw xq vhfrqg skrwr0
pxowlsolfdwhxu/ vrlw xq dxwuh gìs÷w glxvdqw/ dq g*ìylwhu gh shuguh 83 ( ghv skrwrqv
txl dxurqw glxvìv vxu ohv sdurlv gx vflqwloodwhxu gdqv od gluhfwlrq rssrvìh ã fhooh gx
skrwrpxowlsolfdwhxu1
Ohv ihxloohv gh Wì rq +soxv h{dfwhphqw gh sro|wìwud xrurìwk|oëqh rx SWIH, shxyhqw
íwuh xwlolvìhv1 Frpswh whqx gx idfloh fkdujhphqw hq ìohfwulflwì vwdwltxh gh fh w|sh gh pdwì0
uldx{/ od ihxlooh frooh sduidlwhphqw dx eduuhdx vflqwloodqw1 F*hvw fhwwh ghuqlëuh vroxwlrq txl
d ìwì uhwhqxh1 Hooh d o*dydqwdjh g*íwuh vlpsoh ã phwwuh hq rhxyuh hw gh grqqhu ghv uìvxowdwv
vdwlvidlvdqwv1 Gh soxv/ rxwuh ohv sursulìwìv gh glxvlrq gh od oxplëuh gh fh sro|pëuh eodqf
rsdtxh/ lo glvsrvh g*xq lqglfh rswltxh gh 4/6;1 Ru o*dqjoh gh uì h{lrq wrwdoh gìshqg gx
udssruw hqwuh o*lqglfh gx vflqwloodwhxu hw o*lqglfh gx uhyíwhphqw1
"
Oh gìelw gh grvh d ìwì ìydoxì hqwuh 43 ã 53 nJ|1k #
$
sdu vlpxodwlrq PFQS +Prqwh Fduor Q0Sduwlfohv,
hq whqdqw frpswh gh o*hqvhpeoh ghv sdudpëwuhv sk|vltxhv gh od pdfklqh gh sxoyìulvdwlrq sdu fdqrq ã
ìohfwurqv1
;4
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Hq dssoltxdqw od irupxoh 814/ wrxv ohv skrwrqv/ frpsulv gdqv xq dqjoh hqwuh <3 hw
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sdu udssruw ã od qrupdoh/ vrqw uì ìfklv wrwdohphqw ã od vxuidfh gx vflqwloodwhxu1 Vhxov
ohv skrwrqv frpsulv hqwuh <3 hw 84
 
sdu udssruw ã od qrupdoh vrqw gdqv ohv frqglwlrqv gh
uì h{lrq wrwdoh srxu oh fdv rü oh vflqwloodwhxu hvw dx frqwdfw gluhfw dyhf o*dlu1
81717 H{sìulhqfh gh fdudfwìulvdwlrq
Xqh phvxuh/ uìdolvìh ã o*dlgh gx glvsrvlwli xwlolvì srxu ohv phvxuhv gh fdudfwìulvdwlrq
doskd hw surwrq +Fi1 jxuh 819,/ d shuplv gh fhuqhu o*lq xhqfh gx uhyíwhphqw vxu od
txdolwì ghv uìvxowdwv qdx{ +Fi1 jxuh 81:,1 Ohv sdudpëwuhv wdqw ìohfwurqltxhv +jdlq gh
o*dpsolfdwhxu hw frqvwdqwh g*lqwìjudwlrq, txh sk|vltxhv +whpsv g*dftxlvlwlrq/ suìvhqfh
gx ylgh sulpdluh hw jìrpìwulh gx glvsrvlwli, vrqw whov txh o*hqvhpeoh gh fhv phvxuhv d ìwì
uìdolvì gdqv ohv píphv frqglwlrqv h{sìulphqwdohv1
Revêtement
Ilj1 819= Glvsrvlwli h{sìulhphqwdo xwlolvì srxu whvwhu ohv glìuhqwv w|shv gh uhyíwhphqwv
Oh vflqwloodwhxu plv hq rhxyuh hvw xq vflqwloodwhxu sodvwltxh qrq grsì DPFU\V0K
+XSV0<< txl hvw ìtxlydohqw dx QH435,1 Od edvh gh fh vflqwloodwhxu hvw gx sro|vw|uëqh1 Od
vrxufh udglrdfwlyh xwlolvìh hvw xqh vrxufh doskd g*Dpìulflxp 574 srvvìgdqw xqh dfwlylwì
gh 8/5 nEt1
D od yxh gh od jxuh 81:/ soxvlhxuv uhpdutxhv v*lpsrvhqw =
4 0 Oh gìs÷w g*Doxplqlxp/ txhotxh vrlw od pìwkrgh gh gìs÷w/ q*hvw sdv xqh erqqh
vroxwlrq srxu od uìdolvdwlrq g*xq uì hfwhxu1
5 0 Ohv uhyíwhphqwv glxvdqwv ã edvh gh WlR @ rx gh Wì rq vrqw phloohxuv1
6 0 Lo idxw qrwhu txh od frxueh ulhq hvw eldlvìh fdu o*lqwìulhxu gx glvsrvlwli pìfdqltxh hvw
gh o*dflhu lqr{ srol txl hvw xq wuëv erq uì hfwhxu1 O*ìsdxohphqw gx slf revhuydeoh yhuv
ohv idleohv fdqdx{ shxw v*h{soltxhu sdu ohv sdufrxuv soxv orqjv txh grlyhqw uìdolvhu
ohv skrwrqv dydqw g*duulyhu vxu od skrwrfdwkrgh/ fh txl d srxu hhw g*hqwudñqhu xqh
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Ilj1 81:= Lq xhqfh gx uhyíwhphqw vxu od txdqwlwì gh skrwrqv uhfxhloolv1 Ohv fdqdx{ vrqw
sursruwlrqqhov dx{ qrpeuhv gh skrwrqv uhfxhxloolv1
81718 Frqfoxvlrqv
Ohv shlqwxuhv ã o*r{|gh gh wlwdqh rx dx vxoidwh gh edu|xp +Fi1 jxuh 81;, grqqhqw
gh erqv uìvxowdwv vl hoohv vrqw fruuhfwhphqw dssoltxìhv ã od vxuidfh gx vflqwloodwhxu1 Od
phloohxuh pìwkrgh vhpeoh íwuh oh slvwrohw ã shlqwxuh1 O*ìwdohphqw dx slqfhdx hvw wurs
dssur{lpdwli hw qh shuphw sdv g*íwuh fhuwdlq tx*lo q*| dlw sdv hx gh plqfhv srfkhv g*dlu
hpsulvrqqìhv hqwuh od shlqwxuh hw od vxuidfh gx vflqwloodwhxu1 Hq hhw/ fhfl qxludlw dx{
erqqhv sursulìwìv gh glxvlrq gx uhyíwhphqw hq lqgxlvdqw ghx{ glrswuhv vxssoìphqwdluhv1
O*xwlolvdwlrq gh fh w|sh gh uhyíwhphqw lpsrvh od plvh hq sodfh g*xqh surwhfwlrq pìfdqltxh
vxssoìphqwdluh fdu lo hvw wuëv iudjloh hw ylhloolw pdo1
Ilj1 81;= Uì hfwdqfh gx pdwìuldx glxvdqw Odevskhuh ZUF09;3 ã edvh g*r{|gh gh Ed0
u|xp1
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Gh sduw oh sulqflsh gh od glxvlrq/ fhv uhyíwhphqwv lpsrvhqw ghv fkhplqv rswltxhv txl
vrqw hq pr|hqqh soxv orqjv txh fhx{ rewhqxv srxu ghv uì hfwhxuv frpph oh sdslhu Dox0
plqlxp1 Fhw doorqjhphqw gx sdufrxuv rswltxh hqwudñqh xqh dwwìqxdwlrq soxv lpsruwdqwh
ghv skrwrqv jìqìuìv/ fh txl h{soltxh od srvlwlrq gx slf srxu od shlqwxuh ã edvh gh WlR  1
Od srvlwlrq gx slf doskd rewhqx srxu xq uhyíwhphqw ã edvh gh WlR  grlw íwuh ìjdohphqw
gìfdoìh yhuv ohv fdqdx{ gh soxv iruwhv ydohxuv srxu whqlu frpswh ghv sursulìwìv gh glx0
vlrq gh od oxplëuh gh o*r{|gh gh Wlwdqh1 Hq hhw/ hq pr|hqqh/ hqylurq 83 ( ghv skrwrqv
jìqìuìv hq gluhfwlrq gh od skrwrfdwkrgh hw txl duulyhqw vxu fh uhyíwhphqw uhsduwhqw gdqv
od gluhfwlrq g*rü lov surylhqqhqw/ g*rü xqh ìylghqwh shuwh gh frpswdjh dx qlyhdx gx skr0
wrpxowlsolfdwhxu gdqv oh glvsrvlwli h{sìulphqwdo suìvhqwì vxu od jxuh 8191 Hq hhw/ dq
gh shuphwwuh dx{ sduwlfxohv doskd gh sìqìwuhu dx vhlq gx vflqwloodwhxu/ od idfh g*hqwuìh gx
vflqwloodwhxu/ txl hvw vrxv ylgh/ hvw ylhujh gh wrxw uhyíwhphqw1
Fh sureoëph gh froohfwlrq gh oxplëuh shxw íwuh frqwrxuqì oruv ghv h{sìulhqfhv gh ph0
vxuhv qhxwurqltxhv1 Hq hhw/ ohv qhxwurqv q*ìwdqw sdv fkdujìv/ ohxuv lqwhudfwlrqv dyhf od
pdwlëuh rqw olhx dx vhlq píph gx vflqwloodwhxu1 Gëv oruv/ lo hvw srvvleoh g*dpìolruhu oh uhq0
ghphqw gh froohfwlrq ghv skrwrqv gh vflqwloodwlrq hq lqvwdoodqw ghx{ skrwrpxowlsolfdwhxuv
hq ylv ã ylv dx{ h{wuìplwìv gx vflqwloodwhxu/ rx/ vl xq vhxo hw xqltxh skrwrpxowlsolfdwhxu
grlw íwuh xwlolvì/ hq uhfrxyudqw ìjdohphqw o*h{wuìplwì qrq lqvwuxphqwìh gx vflqwloodwhxu sdu
gh od shlqwxuh glxvdqwh1 Oruv gh fhv h{sìulhqfhv gh fdudfwìulvdwlrq/ lo q*d sdv ìwì srvvleoh
gh whvwhu fhwwh k|srwkëvh gh wudydlo ã fdxvh gx idleoh sdufrxuv ghv doskd gdqv od pdwlëuh
+hqylurq txhotxhv gl}dlqhv gh >p, hw gh od qìfhvvlwì gh wudydloohu vrxv xq ylgh sulpdluh
srxu txh ohv doskd lqgxlvhqw xq vljqdo h{sorlwdeoh hq lqwhudjlvvdqw dyhf oh vflqwloodwhxu1
Hq frqfoxvlrq/ sdupl ohv uhyíwhphqwv xwlolvìv/ ghx{ shxyhqw íwuh xwlolvìv1
4 0 Oh sdslhu Doxplqlxp grqqh ohv phloohxuv uìvxowdwv srxu ohv uì hfwhxuv/ sxlvtx*lo
shuphw gh surwhu ghv uì h{lrqv wrwdohv ã o*lqwhuidfh vflqwloodwhxu 0 dlu/ hw/ g*dyrlu ohv
skrwrqv vruwdqw uì ìfklv hw uh0gluljìv ã 433 ( hq gluhfwlrq gx vflqwloodwhxu1
5 0 Ohv shlqwxuhv glxvdqwhv shuphwwhqw gh elhq fdqdolvhu ohv skrwrqv gdqv oh vflqwlood0
whxu/ vl hoohv vrqw fruuhfwhphqw dssoltxìhv ã od vxuidfh gx vflqwloodwhxu1 Ohv ihxloohv
gh Wì rq shxyhqw ìjdohphqw íwuh xwlolvìhv dyhf xqh shuwh gh txhotxhv srxufhqwv
vxu oh qrpeuh qdo gh skrwrqv uhfxhloolv sdu od skrwrfdwkrgh sdu udssruw dx sdslhu
Doxplqlxp1 Hoohv rqw oh pìulwh gh plhx{ ylhloolu txh ohv shlqwxuh ã edvh gh WlR  1
Gxudqw o*hqvhpeoh ghv h{sìulhqfhv txl vxlyhqw/ oh uhyíwhphqw xwlolvì hvw frqvwlwxì gh
ihxloohv gh Wì rq hqurxoìhv dxwrxu gx vflqwloodwhxu ìwxglì1 Hq hhw/ ohv txdolwìv gx uhyíwh0
phqw glxvdqw vrqw ìwurlwhphqw olìhv ã o*ìsdlvvhxu gh Wì rq txl hqwrxuh oh vflqwloodwhxu1
818 Uìsrqvh whpsruhooh
O*ìwxgh gh od iruph whpsruhooh gh o*lpsxovlrq oxplqhxvh hvw lpsruwdqwh srxu od glv0
fulplqdwlrq gh sduwlfxohv +Fi1 fkdslwuh ;,1 Hq hhw/ oh shxsohphqw ghv ìwdwv wulsohwv ã
;7
8181 UÌSRQVH WHPSRUHOOH
ylh orqjxh gìshqg gx w|sh gh sduwlfxoh txl d lqwhudjl dyhf oh vflqwloodwhxu1 Ru od gìfurlv0
vdqfh whpsruhooh hw grqf o*ìplvvlrq oxplqhxvh suryhqdqw gh fhv ìwdwv dssdudñw gdqv od
txhxh gh od iruph gh o*lpsxovlrq1 Dlqvl/ ohv frqvwdqwhv whpsruhoohv shuphwwdqw gh uhqguh
frpswh gh od iruph gh o*lpsxovlrq oxplqhxvh revhuyìh vrqw uìyìodwulfhv ghv skìqrpëqhv
gh  xruhvfhqfh surpswh/ uhwdugìh hw gh skrvskruhvfhqfh1
81814 Phvxuhv
Fhv h{sìulhqfhv rqw srxu exw gh ylvxdolvhu od udslglwì ghv vljqdx{ oxplqhx{ lvvxv ghv
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Ilj1 81<= Uìsrqvh whpsruhooh ghv vflqwloodwhxuv sodvwltxhv grsìv dx eruh vrxplv ã xq  x{
gh ud|rqqhphqw qhxwurq 0 jdppd pìodqjì1 Vljqdo suryhqdqw gh od g|qrgh G45 gx srqw
glylvhxu1
Srxu fhwwh ìwxgh/ xq rvfloorvfrsh Whnwurql{ WGV:;7G d ìwì xwlolvì1 Juåfh ã vhv shu0
irupdqfhv whpsruhoohv/ lo hvw srvvleoh gh ylvxdolvhu oh vljqdo udslgh lvvx ghv vflqwloodwhxuv
ìwxglìv1 Oh skrwrpxowlsolfdwhxu hpsor|ì hvw xq wxeh [S5353 gh od vrflìwì Skrwrqlv/ dol0
phqwì vrxv 5333 Yrowv sdu xqh dolphqwdwlrq kdxwh whqvlrq surjudppdeoh FDHQ Q7:31
Oh vljqdo hvw wuëv udslgh ^Pr}|qvnl ::` hw ^Nlqj 98` +Fi1 jxuh 81<,/ sxlvtxh oh whpsv gh
prqwìh gh o*lpsxovlrq vh vlwxh dxwrxu gh 4 qv hw txh od odujhxu ã pl0kdxwhxu ydxw hqylurq
43 qv1
;8































Ilj1 8143= Dmxvwhphqw dyhf xq prgëoh ã grxeoh h{srqhqwlhooh srxu xqh lpsxovlrq suryh0
qdqw g*xq vflqwloodwhxu sodvwltxh grsì dx Eruh1
81815 Dmxvwhphqw gh od sduwlh ghvfhqgdqwh gh o*lpsxovlrq
Sdu xq dmxvwhphqw dyhf xq prgëoh ã grxeoh h{srqhqwlhooh +Fi1 ìtxdwlrq 815,/ lo hvw srv0
vleoh gh frqqdñwuh ohv ghx{ frpsrvdqwhv whpsruhoohv gx vflqwloodwhxu +Fi1 jxuh 8143,^Gxsrqw 9:`1











O*dmxvwhphqw grqqh xqh frpsrvdqwh udslgh   gh :/7 qv hw xqh frpsrvdqwh ohqwh   gh
46/6 qv1 Ohv ydohxuv g*dpsolwxgh lqiìulhxuh ã 3/4 Yrow q*rqw sdv ìwì sulvhv hq frpswh fdu
hoohv fruuhvsrqghqw dx{ rvfloodwlrqv gx euxlw gh irqg1 Fhv ydohxuv frquphqw grqf elhq od
glìuhqfh gh od gxuìh gh ylh hqwuh ohv ìwdwv vlqjxohwv +txl vh gìshxsohqw wuëv udslghphqw, hw
ohv ìwdwv wulsohwv +txl vh gìshxsohqw soxv ohqwhphqw,1 Od glìuhqfh hqwuh fhv ghx{ frqvwdqwhv
hvw uhodwlyhphqw idleoh sdu frpsdudlvrq dyhf ohv vflqwloodwhxuv rujdqltxhv oltxlghv srxu
ohvtxhov od frpsrvdqwh ohqwh hvw vxsìulhxuh ã 433 qv ^Wlotxlq <8`1
Fhw dmxvwhphqw grqqh xqh suhplëuh dssur{lpdwlrq sxlvtxh oh skìqrpëqh gh  xruhv0
fhqfh surpswh hvw gh w|sh h{srqhqwlho pdlv txh oh skìqrpëqh gh  xruhvfhqfh uhwdugì hw
gh skrvskruhvfhqfh q*hvw sdv ã gìfurlvvdqfh h{srqhqwlhooh ^Yrow} 99`1 Fhshqgdqw hq suh0
plëuh dssur{lpdwlrq/ fh vljqdo shxw íwuh dvvlploì ã od vrpph gh ghx{ h{srqhqwlhoohv d|dqw
fkdfxqh ohxu sursuh frqvwdqwh gh whpsv gh gìfurlvvdqfh1
;9
Fkdslwuh 9
Fdudfwìulvdwlrq vrxv idlvfhdx{ gh
sduwlfxohv
Hq o*devhqfh gh grqqìhv gdqv od olwwìudwxuh/ lo d ìwì qìfhvvdluh g*ìwxglhu gh idêrq
dssurirqglh ohv sursulìwìv g*ìplvvlrq gh oxplëuh gh fh w|sh gh vflqwloodwhxu sodvwltxh grsì
dx Eruh/ hq irqfwlrq gx w|sh gh sduwlfxohv lqflghqwhv hw gh ohxuv ìqhujlhv1 Oh exw hvw
g*íwuh fdsdeoh gh vlpxohu frpsoëwhphqw oh frpsruwhphqw oxplqhx{ gh fhv vflqwloodwhxuv
oruvtx*lov vrqw vrxplv ã xq  x{ qhxwurqltxh1 D fhwwh q/ od frqqdlvvdqfh ghv sdudpëwuhv
gh oxplqhvfhqfh/ rx sdudpëwuhv gh Elunv/ hvw lqglvshqvdeoh1
Fh fkdslwuh suìvhqwh ohv h{sìulhqfhv gh fdudfwìulvdwlrq uìdolvìhv srxu ghv vflqwloodwhxuv
sodvwltxhv grsìv dx Eruh vrxv idlvfhdx{ gh surwrqv +mxvtx*ã 5 PhY, hw gh sduwlfxohv doskd
+mxvtx*ã 8/7 PhY,1 Ohv uìvxowdwv ghv dmxvwhphqwv gh od orl gh Elunv ã fhv phvxuhv vrqw
ìjdohphqw h{srvìv1
914 Sdufrxuv ghv lrqv gdqv ohv vflqwloodwhxuv
Ghx{ vìulhv g*h{sìulhqfhv rqw ìwì phqìhv/ od suhplëuh dxsuëv g*xq dffìoìudwhxu gh
w|sh Ydq gh Judd hw od vhfrqgh dx vhlq píph gx oderudwrluh dyhf xqh vrxufh doskd
g*Dpìulflxp 5741
Sdu vlpxodwlrq dyhf VULP 5333 + f LEP e| M1 I1 ]lhjohu hw do1,/ lo dssdudñw wuëv
qhwwhphqw vxu od jxuh 914 txh ohv doskd hw ohv surwrqv yrqw lqwhudjlu gdqv ohv suhplëuhv
gl}dlqhv gh >p gx vflqwloodwhxu1 O*h{sìulhqfh hqylvdjìh grlw grqf shuphwwuh gh phwwuh dx
frqwdfw gluhfwhphqw oh idlvfhdx gh sduwlfxohv dyhf od vxuidfh gx vflqwloodwhxu/ f*hvw fh txh
shuphw oh glvsrvlwli h{sìulphqwdo suìvhqwì vxu od jxuh 9151 Frpswh whqx gx glvsrvlwli
h{sìulphqwdo/ vhxo xq shx prlqv gh od prlwlì ghv skrwrqv jìqìuìv oruv gh o*lqwhudfwlrq
sduwhqw gdqv od gluhfwlrq gh od skrwrfdwkrgh1
Fhuwdlqv dxwhxuv ^Fudxq :3` rqw prqwuì txh od uìsrqvh oxplqhxvh ghv vflqwloodwhxuv
q*hvw sdv wrxw ã idlw od píph vhorq txh fh vrqw ghv surwrqv lqflghqwv rx ghv surwrqv
gh uhfxo +lqgxlwv sdu ghv glxvlrqv ìodvwltxhv +q/s,,1 Qìdqprlqv/ ohv phvxuhv uìdolvìhv
;:
FKDSLWUH 91 FDUDFWÌULVDWLRQ VRXV IDLVFHDX[ GH
SDUWLFXOHV
shuphwwhqw g*ìydoxhu oh grpdlqh gdqv ohtxho vh vlwxhqw ohv sdudpëwuhv gh oxplqhvfhqfh
ghv vflqwloodwhxuv ìwxglìv1









160 Parcours des protons et alpha


















Ilj1 914= Hyroxwlrq gx sdufrxuv ghv doskd hw ghv surwrqv gdqv xq vflqwloodwhxu sodvwltxh
grsì dx Eruh rewhqx sdu vlpxodwlrq VULP 5333 ^]lhjohu <7`
Ilj1 915= Glvsrvlwli h{sìulphqwdo plv hq sodfh srxu frqqhfwhu oh vflqwloodwhxu dx{ idlvfhdx{
gh sduwlfxohv gh o*dffìoìudwhxu1
915 Vrxufh ìwdorq
Suìdodeohphqw dx{ h{sìulhqfhv gh fdudfwìulvdwlrq/ xq ìwdorqqdjh gh od fkdñqh gh phvxuh
d ìwì uìdolvì hq xwlolvdqw xqh vrxufh gh uìiìuhqfh irxuqlh sdu oh OQKE +Oderudwrluh Qd0
wlrqdo Khqul Ehftxhuho gx Gìsduwhphqw g*Dssolfdwlrq gh Pìwurorjlh ghv Ud|rqqhphqwv
Lrqlvdqwv,1 Fhwwh vrxufh hvw frqvwlwxìh g*xq vflqwloodwhxu oltxlgh Xowlpd Jrog +frpsrvì
sulqflsdohphqw gh gl0lvrsurs|oqdswkdoëqh hw gh glskhq|or{d}ro, fkdujì dyhf gh o*Dpìul0
flxp 574 glvvrxw gdqv oh vflqwloodwhxu oltxlgh1
;;
9151 VRXUFH ÌWDORQ
Ohv doskd suryhqdqw gh o*Dpìulflxp yrqw h{flwhu gluhfwhphqw oh vflqwloodwhxu oltxlgh1
Oh vflqwloodwhxu hw od vrxufh vrqw frqwhqxv gdqv xq  dfrq grqw wrxwhv ohv sdurlv vrqw uh0
frxyhuwhv g*xqh frxfkh gh shlqwxuh glxvdqwh ã edvh gh WlR  vdxi od idfh frxsoìh rswltxh0
phqw dx skrwrpxowlsolfdwhxu1 G*dxwuh sduw/ oh OQKE glvsrvh g*xqh fkdñqh g*dftxlvlwlrq
skrwrqltxh ìwdorq/ fh txl shuphw gh gìwhuplqhu suìflvìphqw od txdqwlwì gh skrwrìohf0
wurqv jìqìuìv vxu od skrwrfdwkrgh sdu o*lqwhudfwlrq ghv sduwlfxohv doskd gh 8/7:< PhY gh
o*Dpìulflxp 574 dyhf oh vflqwloodwhxu1
Oh vshfwuh doskd gh fhwwh vrxufh hvw grqqì jxuh 9161 Lo d ìwì rewhqx hq frxsodqw
rswltxhphqw od fhooxoh frqwhqdqw oh pìodqjh vflqwloodqw ã xq skrwrpxowlsolfdwhxu [S5353
dolphqwì vrxv 5333 Yrowv1 Ohv lpsxovlrqv vrqw hqvxlwh dpsolìhv sdu xq dpsolfdwhxu
RUWHF 783/ sxlv qxpìulvìhv sdu xqh fduwh dqdo|vhxu pxowlfdqdx{ WUXPS ;n1
Od phvxuh dyhf od vrxufh ìwdorq frqgxlw ã xq uìvxowdw pr|hq gh :67 skrwrìohfwurqv
hq xwlolvdqw xq skrwrpxowlsolfdwhxu Exuoh ;;83 hq prgh frpswdjh gh skrwrqv1 O*ìfduw
w|sh vxu od phvxuh hvw gh 	 5: skrwrìohfwurqv1 Od frpsdudlvrq gh fhv uìvxowdwv dyhf ohv
glvsrvlwliv h{sìulphqwdx{ gx oderudwrluh d shuplv g*hhfwxhu xqh fdoleudwlrq ghv fkdñqhv
gh phvxuhv xwlolvìhv srxu ohv h{sìulhqfhv vrxv doskd hw surwrqv1
Sdu dloohxuv/ oh grpdlqh gh vhqvlelolwì vshfwudo ghv skrwrpxowlsolfdwhxu Exuoh ;;83
+pd{lpxp ã 753 qp, hw [S5353 +pd{lpxp ã 758 qp, vrqw frpsdudeohv1 Gh píph/ oh
pd{lpxp gh o*ìplvvlrq gx vflqwloodqw oltxlgh xwlolvì hw fhoxl ghv vflqwloodwhxuv whvwìv gxudqw
fh wudydlo vrqw frpsdudeohv1

























Ilj1 916= Vshfwuh g*xqh vrxufh doskd g*Dpìulflxp 574 glvvrxwh gdqv xq vflqwloodwhxu ol0
txlgh = o*Xowlpd Jrog
;<
FKDSLWUH 91 FDUDFWÌULVDWLRQ VRXV IDLVFHDX[ GH
SDUWLFXOHV
916 Vrxv idlvfhdx{ gh surwrqv dx Ydq gh Judd
Odpdfklqh xwlolvìh hvw fhooh gh o*Lqvwlwxw Qdwlrqdo ghv Vflhqfhv hw Whfkqltxhv Qxfoìdluhv
+L1Q1V1W1Q1, vxu oh vlwh gx FHD0Vdfod|1 Fhw dffìoìudwhxu vhuw ã o*hqvhljqhphqw pdlv shuphw
ìjdohphqw gh uìdolvhu txhotxhv h{sìulhqfhv gh sk|vltxh1 Fhwwh pdfklqh hvw gh frqfhswlrq
uhodwlyhphqw dqflhqqh1 Ghv sureoëphv gh vwdelolwì gh fhooh0fl vh vrqw srvìv qrwdpphqw dx
prphqw ghv uìjodjhv lqlwldx{ oruv ghv fkdqjhphqwv gh jd} gh uhpsolvvdjh gh od fdylwì
dffìoìudwulfh1
Hq irqfwlrqqhphqw qrupdo/ od vwdelolwì hq ìqhujlh gx idlvfhdx jìqìuì sdu od pdfklqh
hvw gh 3/: nhY srxu ghv surwrqv gh 4 PhY1 Od sodjh gh irqfwlrqqhphqw vwdeoh gh fhwwh
pdfklqh hvw wuëv ìwurlwh sxlvtx*hooh v*ìwhqg gh 833 nhY ã 5 PhY hq surwrqv1
91614 Suìvhqwdwlrq gx glvsrvlwli h{sìulphqwdo
Od jxuh 917 suìvhqwh oh vfkìpd gh irqfwlrqqhphqw gh fhw dffìoìudwhxu ìohfwurvwdwltxh/
txl irqfwlrqqh vxu oh sulqflsh g*xq Ydq gh Judd1 Ohv idlvfhdx{ gh sduwlfxohv jìqìuìv sdu
fh w|sh g*dffìoìudwhxu qh vrqw sdv sxuv1 Xq fhuwdlq qrpeuh g*lpsxuhwìv ghphxuhqw gdqv
ohv oljqhv gh idlvfhdx{/ whoohv txh ohv ydshxuv g*kxloh suryhqdqw ghv srpshv ã ylgh1 Ghv
sduwlfxohv gh Fduerqh shxyhqw doruv dssdudñwuh vxlwh dx fudfndjh gh fhv k|gurfduexuhv sdu
oh idlvfhdx wuëv lqwhqvh1 Fhv dwrphv gh Fduerqh shxyhqw íwuh dfwlyìv sdu ohv surwrqv rx
ohv ghxwrqv1 Fh euxlw gh irqg udglrdfwli hvw gh qdwxuh ã shuwxuehu ohv phvxuhv ghv idleohv
qlyhdx{ gh oxplqhvfhqfh jìqìuìh sdu ohv surwrqv gdqv ohv vflqwloodwhxuv1




srxu xq gldpëwuh gh idlvfhdx gh 3/8 pp vxu od fleoh1 O*dssurfkh sdu idlvfhdx uìwurglxvì
d grqf ìwì uhwhqxh1 Oh idlvfhdx hvw irfdolvì vxu xqh fleoh g*ru gh 683 qp g*ìsdlvvhxu1 Fhwwh
pìwkrgh shuphw gh glplqxhu gh 9: ( od oxplqrvlwì gx idlvfhdx uìwurglxvì sdu udssruw
dx idlvfhdx lqflghqw1 Hq hhw/ od txdqwlwì g*ìqhujlh glvvlsìh gdqv oh vflqwloodwhxu dxudlw
ìwì wurs judqgh v*lo | dydlw hx xqh dwwdtxh gluhfwh gx idlvfhdx1 Fhw ìfkdxhphqw dxudlw
hqwudñqì xqh ixvlrq gx sodvwltxh1
Oh idlvfhdx uìwurglxvì sdu od fleoh hq ru hvw frqwu÷oì sdu xqh glrgh Vlolflxp txl shuphw/
dsuëv ìwdorqqdjh/ gh frqqdñwuh o*ìqhujlh ghv sduwlfxohv lqflghqwhv vxu oh vflqwloodwhxu1 Srxu
fhod/ fhwwh glrgh gh 433 >pg*ìsdlvvhxu hvw vlwxìh ã o*dqjoh gh uìwurglxvlrq frpsoìphqwdluh
sdu udssruw ã od srvlwlrq gx vflqwloodwhxu ylv ã ylv gh od fleoh hq Ru1 Ohv uìvxowdwv ghv
phvxuhv gh o*ìqhujlh gx idlvfhdx vrqw suìvhqwìv gdqv oh wdeohdx 9141 Hq rxwuh/ xq h{hpsoh
gh vshfwuh rewhqx srxu ghv surwrqv gh 5 PhY hvw grqqì vxu od jxuh 9181 Oruv ghv
dmxvwhphqwv gh od orl gh Elunv/ txl vrqw uìdolvìv gdqv ohv sdudjudskhv vxlydqwv/ f*hvw o*ìqhujlh
pr|hqqh gx idlvfhdx gh surwrqv txl hvw sulvh hq frpswh1
<3
9161 VRXV IDLVFHDX[ GH SURWRQV DX YDQ GH JUDDII
1 Tête haute tension 8 Cuve
2 Colonne 9 Tube accélérateur
3 Courroie 10 Chaîne de résistance
4 Moteur d ’entraînement 11 Pointes corona
5 Alternateur poulie 12 Ampoule de source
6 Peigne de charge 13 Réserve de gaz 1H, 2H, 3He, 4He
7 Peigne de décharge 14 Électrode d ’extraction
ACCELERATEUR ELECTROSTATIQUE VAN DE GRAAFF
Ilj1 917= Vfkìpd gh o*dffìoìudwhxu Ydq gh Judd
Hqhujlh wkìrultxh Hqhujlh plqlpdoh phvxuìh Hqhujlh pd{lpdoh phvxuìh
4 PhY 3/;;9 PhY 3/<;6 PhY
4/58 PhY 4/475 PhY 4/55< PhY
4/8 PhY 4/6<7 PhY 4/7:7 PhY
4/:8 PhY 4/978 PhY 4/:53 PhY
5 PhY 4/;<9 PhY 4/<98 PhY
Wdeohdx 914= Hqhujlhv ghv surwrqv lqflghqwv
Od skrwr 919 suìvhqwh oh glvsrvlwli plv hq sodfh vxu od oljqh gh idlvfhdx gx Ydq gh
Judd1 O*hqvhpeoh frqvwlwxì gx skrwrpxowlsolfdwhxu hw gx vflqwloodwhxu hvw frqqhfwì yld
oh glvsrvlwli pìfdqltxh suìvhqwì vxu od jxuh 915 ã xqh hqfhlqwh f|olqgultxh gdqv odtxhooh
oh idlvfhdx ylhqw iudsshu od fleoh hq Ru1 Frpph oh prqwuh od jxuh 915/ vhxoh od idfh
g*hqwuìh ghv sduwlfxohv gdqv oh vflqwloodwhxu hvw vrxv ylgh1 O*hqvhpeoh hvw pdlqwhqx sdu od
suhvvlrq ghv uhvvruwv gx srqw glylvhxu/ fh txl shuphw g*dyrlu ã od irlv xq erq frxsodjh
rswltxh hqwuh oh vflqwloodwhxu hw od skrwrfdwkrgh hw xqh erqqh ìwdqfkìlwì dx ylgh hqwuh oh
<4
FKDSLWUH 91 FDUDFWÌULVDWLRQ VRXV IDLVFHDX[ GH
SDUWLFXOHV





















Ilj1 918= H{hpsoh gh vshfwuh rewhqx dyhf od glrgh Vlolflxp srxu ghv surwrqv gh 5 PhY1
vflqwloodwhxu hw od oljqh gh idlvfhdx1 Fh glvsrvlwli ìylwh gh sodfhu o*hqvhpeoh vflqwloodwhxu
0 skrwrpxowlsolfdwhxu gdqv xqh hqfhlqwh vrxv ylgh1 Sdu frqwuh vrq sulqflsdo gìvdydqwdjh
hvw txh ohv sduwlfxohv lqwhudjlvvhqw ã o*h{wuìplwì qrq lqvwuxphqwìh gx vflqwloodwhxu hw txh
soxv gh od prlwlì ghv skrwrqv surgxlwv sduwhqw gdqv xqh gluhfwlrq rssrvìh ã fhooh gh od
skrwrfdwkrgh1
Hq hhw/ frpph oh prqwuh od jxuh 914/ oh sdufrxuv ghv sduwlfxohv qh gìsdvvh sdv ;3 >p
srxu od soxv iruwh ìqhujlh lqflghqwh1 O*ìplvvlrq oxplqhxvh ìwdqw lvrwursh/ hqylurq 83 ( ghv
skrwrqv jìqìuìv sduwhqw hq gluhfwlrq gh od oljqh gh idlvfhdx hw vrqw grqf gìqlwlyhphqw
shugxv1 D fdxvh gh o*dwwìqxdwlrq lqwulqvëtxh dx vflqwloodwhxu/ ylv ã ylv gh vd sursuh ìplvvlrq
oxplqhxvh/ ohv sdtxhwv gh skrwrqv dlqvl jìqìuìv vrqw dwwìqxìv1 Lo idxw grqf whqlu frpswh
gh fhwwh dwwìqxdwlrq srxu oh fdofxo gx qrpeuh qdo gh skrwrqv1
91615 Phvxuhv
Od jxuh 91: shuphw gh vxlyuh o*ìyroxwlrq gx vshfwuh hq irqfwlrq gh o*ìqhujlh gx surwrq
lqflghqw1 Ohv vshfwuhv rewhqxv vrqw suìvhqwìv jxuh 91; srxu oh vflqwloodwhxu gìyhorssì
gdqv oh oderudwrluh hw jxuh 91< srxu oh vflqwloodwhxu frpphufldo EF7871 D sduwlu gh fhv
grqqìhv h{sìulphqwdohv/ xq suhplhu wudlwhphqw d ìwì uìdolvì hq dmxvwdqw xqh jdxvvlhqqh dx
slf fruuhvsrqgdqw ã od sduwlfxoh lqflghqwh vxu oh vflqwloodwhxu srxu hq gìwhuplqhu oh fhqwuh1
Ohv whpsv gh phvxuhv vrqw gh 4333 v srxu wrxv ohv vshfwuhv1 Od frxueh q
 
2 fruuhvsrqgdqw
dx{ surwrqv gh 4/:8 PhY qh suìvhqwh sdv oh píph qrpeuh g*ìyìqhphqwv txh ohv dxwuhv
vxlwh dx{ doìdv g*h{sìulhqfh vxu o*dffìoìudwhxu1
91616 Uìvxowdwv
Ohv uìvxowdwv ghv dmxvwhphqwv jdxvvlhqv vrqw frqvljqìv gdqv oh wdeohdx 9151 Frpswh
whqx gx glvsrvlwli h{sìulphqwdo +Fi1 jxuh 915,/ 84/8 ( ghv skrwrqv jìqìuìv q*dwwhljqhqw
<5
9161 VRXV IDLVFHDX[ GH SURWRQV DX YDQ GH JUDDII
Ilj1 919= Skrwr gh o*h{sìulhqfh phqìh dxsuëv gx Ydq gh Judd gh o*L1Q1V1W1Q1
Ilj1 91:= Vshfwuhv surwrqv rewhqxv srxu oh vflqwloodwhxu sodvwltxh grsì dx eruh gìyhorssì
dx oderudwrluh +Vflqwloodwhxu JFR,
sdv od skrwrfdwkrgh gx skrwrpxowlsolfdwhxu +Fi1 fkdslwuh : srxu od vlpxodwlrq gh od sur0
sdjdwlrq ghv skrwrqv gdqv ohv vflqwloodwhxuv,1 Lo hq d ìwì whqx frpswh gdqv oh fdofxo qdo
gx qrpeuh gh skrwrqv uìhoohphqw jìqìuìv1
<6
FKDSLWUH 91 FDUDFWÌULVDWLRQ VRXV IDLVFHDX[ GH
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Proton de 2 MeV
Proton de 1,25 MeV
Proton de 1,5MeV







































Ilj1 91;= Uìsrqvh gx vflqwloodwhxu gìyhorssì dx oderudwrluh +JFR, srxu ghv surwrqv gh
glìuhqwhv ìqhujlhv





















































Pro ton de 1,2 MeV
Ilj1 91<= Uìsrqvh gx vflqwloodwhxu EF787 srxu ghv surwrqv gh glìuhqwhv ìqhujlhv
Od txdqwlwì gh skrwrqv gìwhfwìh gìshqg gx uhqghphqw gh skrwrfdwkrgh/ gh od kdxwh
whqvlrq hw gx jdlq gh o*dpsolfdwhxu1 Fhwwh fkdñqh d ìwì xwlolvìh dyhf ohv píphv sdudpëwuhv
<7
9171 VRXV UD\RQQHPHQWV DOSKD DX ODERUDWRLUH
gh jdlq hw gh kdxwh whqvlrq xwlolvìv oruv gh od fdoleudwlrq1 Dlqvl/ ohv phvxuhv wlhqqhqw frpswh
lqwulqvëtxhphqw ghv shuwhv olìhv ã od fkdñqh gh phvxuh1
Hqhujlhv +PhY, Vflqwloodwhxu Fhqwuh gh od jdxvvlhqqh Qrpeuh gh skrwrqv
+fdqdo,
 JFR  2
c 2D JFR D2 b.
c D JFR .e 2.
c .D JFR bH SD
2 JFR 2S eD2
c 2 EF787 22 .H
c D EF787 2Hb fS
c . EF787 bD eD
2 EF787 D Hb
Wdeohdx 915= Uìvxowdwv ghv dmxvwhphqwv jdxvvlhqv srxu ohv surwrqv
Oh wdeohdx 915 suìvhqwh ohv uìvxowdwv rewhqxv srxu ohv surwrqv1
917 Vrxv ud|rqqhphqwv doskd dx oderudwrluh
Vxlwh ã ghv olplwdwlrqv lqwhuqhv gh od pdfklqh glvsrqleoh ã Vdfod|/ lo q*d sdv ìwì srvvleoh
gh prqwhu dx ghoã gh 5 PhY hq ìqhujlh1 Fhwwh ìqhujlh q*d sdv shuplv g*dffìghu ã xqh
phvxuh h{sorlwdeoh srxu ohv doskd1 Dlqvl/ xqh vrxufh g*Dpìulflxp 574 d ìwì xwlolvìh dx
oderudwrluh srxu ohv phvxuhv gh fdudfwìulvdwlrq ghv vflqwloodwhxuv vrxv ud|rqqhphqw doskd1
Oh vshfwuh gh fh w|sh gh vrxufh hvw grqqì gdqv oh wdeohdx 9161







Wdeohdx 916= Uìsduwlwlrq gx vshfwuh hq ìqhujlh ghv sduwlfxohv doskd lvvxhv g*xqh vrxufh
g*Dpìulflxp 574
91714 Glvsrvlwli h{sìulphqwdo
Oh glvsrvlwli h{sìulphqwdo hvw oh píph txh fhoxl xwlolvì dxsuëv gx Ydq gh Judd1 Xqh
vrxufh doskd hvw plvh hq ylv ã ylv dyhf od idfh g*hqwuìh gx vflqwloodwhxu ã xqh glvwdqfh gh
7 fp/ o*hqvhpeoh hvw pdlqwhqx vrxv xq ylgh sulpdluh1 Frpswh whqx gh od suhvvlrq uìvlgxhooh
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pedu,/ o*dwwìqxdwlrq ghv doskd/ hvw txdvlphqw qìjoljhdeoh hqwuh od vrxufh
hw oh vflqwloodwhxu1
Hsdlvvhxu ghv Hqhujlh pr|hqqh Hqhujlh pr|hqqh Vwudjjolqj
ihxloohv g*Doxplqlxp +>p, vlpxoìh +PhY, phvxuìh +PhY, vlpxoì +nhY,
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Wdeohdx 917= Hqhujlh ghv doskd lqflghqwv
Dq gh edod|hu xq fhuwdlq qrpeuh g*ìqhujlh doskd/ xq rx soxvlhxuv ìfudqv hq Dox0
plqlxp gh 5 >p g*ìsdlvvhxu rqw ìwì sodfìv hqwuh oh gìwhfwhxu hw od vrxufh1 Fh glvsrvlwli
shuphw gh gìjudghu o*ìqhujlh ghv doskd vhorq o*ìsdlvvhxu gh o*ìfudq xwlolvì1 Fhshqgdqw oh
sulqflsdo lqfrqyìqlhqw gh fhwwh pìwkrgh hvw od glvshuvlrq hq ìqhujlh +rx vwudjjolqj hq
ìqhujlh, uìvxowdqw gh od vxshusrvlwlrq g*xq fhuwdlq qrpeuh g*ìfudqv hqwuh od vrxufh hw oh
vflqwloodwhxu1
Od glìuhqfh g*ìqhujlh revhuyìh hqwuh od ydohxu phvxuìh hw od ydohxu vlpxoìh sdu oh frgh
gh fdofxo VULP 5333 surylhqw gh o*lqgìwhuplqdwlrq h{sìulphqwdoh vxu o*ìsdlvvhxu h{dfwh
gh od ihxlooh1 Ohv ydohxuv sulvhv hq frpswh gdqv ohv fdofxov ghv frh!flhqwv gh oxplqhvfhqfh
vrqw fhoohv phvxuìhv1
Pr|hqqdqw o*dffhswdwlrq g*xqh huuhxu uhodwlyhphqw lpsruwdqwh vxu od gìwhuplqdwlrq
gh o*ìqhujlh/ lo hvw srvvleoh g*xwlolvhu fh glvsrvlwli srxu od phvxuh vrxv ud|rqqhphqw doskd1
O*ìqhujlh hw oh vwudjjolqj dvvrflì vrqw frqvljqìv gdqv oh wdeohdx 9171 Wurlv vflqwloodwhxuv rqw
ìwì whvwìv1 Ghx{ vrqw grsìv dx Eruh/ lo v*djlw gx EF787/ dfkhwì dxsuëv gh od vrflìwì Elfurq/
hw gx JFR txl hvw oh vflqwloodwhxu grsì dx Eruh gìyhorssì gdqv qrwuh oderudwrluh1 Oh wurl0
vlëph vflqwloodwhxu hvw xq vflqwloodwhxu sodvwltxh qrq grsì DPFU\V0K XSV<< ìtxlydohqw
dx QH4351
91715 Phvxuhv
Od jxuh 9143/ ã wlwuh g*h{hpsoh/ suìvhqwh ohv vshfwuhv vxshusrvìv rewhqxv srxu ohv
glìuhqwhv ìqhujlhv doskd ìwxglìhv srxu oh vflqwloodwhxu sodvwltxh grsì dx Eruh gìyhorssì
dx oderudwrluh1 Gh píph txh srxu ohv surwrqv/ xq dmxvwhphqw jdxvvlhq d ìwì uìdolvì vxu ohv
phvxuhv doskd dq gh gìwhuplqhu/ dsuëv fdoleudwlrq gh od fkdñqh gh phvxuh/ od txdqwlwì gh
skrwrqv uìhoohphqw jìqìuìv sdu o*lqwhudfwlrq g*xqh sduwlfxoh doskd g*xqh fhuwdlqh ìqhujlh1
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Pas de décalage de spectre































Ilj1 9143= Frpsdudlvrq ghv glìuhqwv vshfwuhv doskd rewhqxv srxu oh vflqwloodwhxu gìyh0
orssì dx oderudwrluh1















































































































Ilj1 9144= Vshfwuhv doskd srxu oh vflqwloodwhxu JFR gìyhorssì dx oderudwrluh
91716 Uìvxowdwv
Ohv ydohxuv ghv fhqwuhv ghv jdxvvlhqqhv dmxvwìhv vrqw frqvljqìhv gdqv oh wdeohdx 9181
O*ìqhujlh wkìrultxh d ìwì rewhqxh sdu vlpxodwlrq juåfh dx frgh gh fdofxo VULP 5333
+ f LEP e| M1I ]lhjohu hw do1,1 Ohv phvxuhv ghv ìqhujlhv rqw ìwì uìdolvìhv juåfh ã xqh
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Ilj1 9145= Vshfwuhv doskd srxu oh vflqwloodwhxu EF787

















































































































Ilj1 9146= Vshfwuhv doskd srxu oh vflqwloodwhxu qrq grsì DPFU\V0K
glrgh Vlolflxp gdqv ghv frqglwlrqv gh ylgh hw gh glvwdqfh vrxufh 0 gìwhfwhxu frpsdudeohv1
Ohv jxuhv 9144/ 9145 hw S uhsuìvhqwhqw o*ìyroxwlrq ghv vshfwuhv hq irqfwlrq gh o*ìqhujlh
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ghv doskd hw gx w|sh gh vflqwloodwhxu ìwxglì1
Hqhujlh Hqhujlh Vflqwloodwhxu Srvlwlrq Qrpeuh
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Wdeohdx 918= Uìvxowdwv ghv phvxuhv vrxv ud|rqqhphqw doskd ghv wurlv vflqwloodwhxuv whvwìv
918 Gìwhuplqdwlrq ghv sdudpëwuhv gh oxplqhvfhqfh 0
orl gh Elunv
91814 Pìwkrgh xwlolvìh srxu o*dmxvwhphqw
Od orl gh Elunv/ prglìh sdu Fkrx +Fi1 ìtxdwlrq 914,/ hvw xqh orl vhpl0hpslultxh txl
ghphxuh wuëv xvlwìh frpswh whqx gh vd vlpsolflwì hw gh od gìolwì dyhf odtxhooh hooh uhqg
frpswh gh od oxplqhvfhqfh ghv vflqwloodwhxuv1
Ghv phvxuhv suìflvhv gx sdudpëwuh nE qìfhvvlwhqw xqh fdoleudwlrq suìflvh gh od fkdñqh
gh phvxuh ^Kluvfkehuj <5` hw ^R*Ulhoo| <9`1 D sduwlu ghv vshfwuhv hq ìqhujlh suìfìghpphqw
rewhqxv srxu ohv surwrqv hw ohv sduwlfxohv doskd/ lo d ìwì srvvleoh g*h{wudluh xqh hvwlpd0
wlrq gx qrpeuh gh skrwrqv ìplv sdu oh vflqwloodwhxu oruv gh o*lqwhudfwlrq gh surwrqv rx
g*doskd g*xqh ìqhujlh grqqìh dyhf oh vflqwloodwhxu1 Fhv ydohxuv rqw ìwì rewhqxhv dsuëv xqh
fdoleudwlrq gh od fkdñqh g*dftxlvlwlrq +Fi1 ¢ 915,
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Ohv sdudpëwuhv fdudfwìulvwltxhv gh od oxplqhvfhqfh gx vflqwloodwhxu +ã vdyrlu ohv sdud0
pëwuh V hw nE, vrqw rewhqxv sdu xq dmxvwhphqw sdudpìwultxh gh od orl gh Elunv vxu ohv
grqqìhv h{sìulphqwdohv phvxuìhv suìfìghpphqw1 Oh sdudpëwuh F q*d sdv gh vljqlfdwlrq
sk|vltxh/ lo qh vhuw tx*ã dpìolruhu od qhvvh gh o*dmxvwhphqw hw q*hvw grqf sdv frpsdudeoh















O*h{suhvvlrq glìuhqwlhooh gh od orl vhpl0hpslultxh gh Elunv +Fi1 ìtxdwlrq 914, lpsrvh
o*xwlolvdwlrq gh pìwkrghv g*lqwìjudwlrq qxpìultxh oruv gh od uìdolvdwlrq ghv dmxvwhphqwv
sdu ohv prlqguhv fduuìv qrq olqìdluhv1 O*hqvhpeoh gh fhv fdofxov d ìwì lpsoìphqwì vrxv
o*hqylurqqhphqw Pdwode1 Od pìwkrgh gh plqlplvdwlrq hpsor|ìh srxu o*dmxvwhphqw sdu ohv
prlqguhv fduuìv hvw fhooh gh Qhoghu0Phdg1 D fkdtxh lwìudwlrq gh od pìwkrgh/ oh surjudpph
fdofxoh od ydohxu gh od oxplqhvfhqfh rewhqxh srxu xq mhx gh sdudpëwuhv grqqì1 Lo dmxvwh
hqvxlwh ohv sdudpëwuhv srxu o*lwìudwlrq vxlydqwh dq gh plqlplvhu od glìuhqfh hqwuh ohv
ydohxuv vlpxoìhv dyhf oh mhx gh sdudpëwuhv fdofxoìv hw ohv ydohxuv gh oxplqhvfhqfh phvxuìhv1
O*duuíw ghv lwìudwlrqv hvw frppdqgì sdu o*xwlolvdwhxu hw fruuhvsrqg dx qlyhdx g*huuhxu tx*lo
vh {h1
91815 Uìvxowdwv ghv dmxvwhphqwv dx{ phvxuhv


















































Wdeohdx 919= Uìvxowdwv ghv dmxvwhphqwv gh od orl gh Elunv srxu ohv wurlv vflqwloodwhxuv1
Ohv uìvxowdwv ghv dmxvwhphqwv xwlolvdqw o*hqylurqqhphqw Pdwode vrqw suìvhqwìv vxu ohv
jxuhv 9147/ 9148 hw 91491 Ohv sdudpëwuhv gh od orl gh Elunv vrqw h{sulpìv gdqv ohv xqlwìv








Vflqwloodwhxu sodvwltxh grsì ã 8 ( hq pdvvh gh Eruh qdwxuho ideultxì sdu Elfurq
+
Vflqwloodwhxu sodvwltxh grsì ã 8 ( hq pdvvh hq Eruh qdwxuho ideultxì dx vhlq gx oderudwrluh
,
Vflqwloodwhxu sodvwltxh qrq grsì ideultxì sdu od vrflìwì DPFU\V0K
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Scintillateur développé au laboratoire
BC454
Ilj1 9147= Dmxvwhphqw gh od orl gh Elunv dx{ grqqìhv doskd gx vflqwloodwhxu frpphufldo
EF787 hw ã fhoohv gx vflqwloodwhxu gìyhorssì dx oderudwrluh
D od yxh ghv uìvxowdwv frqvljqìv gdqv oh wdeohdx 919/ lo dssdudñw txh oh vflqwloodwhxu qrq
grsì suìvhqwh gh phloohxuv sdudpëwuhv gh oxplqhvfhqfh/ sxlvtxh oh sdudpëwuh V hvw oh soxv
judqg hw txh oh sdudpëwuh nE/ idfwhxu gh txhqfklqj/ hvw oh soxv idleoh ghv wurlv vflqwloodwhxuv
whvwìv1 Fhwwh glìuhqfh gh uhqghphqw oxplqhx{ v*h{soltxh sdu soxvlhxuv idfwhxuv1
4 0 Oh w|sh gh proìfxohv  xruhvfhqwhv hw ohxuv frqfhqwudwlrqv qh vrqw sdv ohv píphv1 Ru/
vhorq od proìfxoh ohv wudqvihuwv qrq udgldwliv vrqw soxv rx prlqv idyrulvìv1 Vhorq od
frqfhqwudwlrq ã odtxhooh hooh hvw xwlolvìh/ xqh hvsëfh proìfxodluh shugud wrxw rx sduwlh
gh vrq uhqghphqw gh oxplqhvfhqfh1 Dlqvl/ lo h{lvwh xq rswlpxp/ w|sh gh proìfxoh
0 frqfhqwudwlrq ã xwlolvhu/ dq gh pd{lplvhu od txdqwlwì gh skrwrqv ìplv vxlwh ã od
gìwhfwlrq gh od sduwlfxoh qxfoìdluh1
5 0 O*åjh gx vflqwloodwhxu hw vrq klvwrluh mrxhqw xq u÷oh lpsruwdqw1 Hq hhw/ oh ylhloolv0
vhphqw ghv vflqwloodwhxuv lqgxlw xqh gìjudgdwlrq ghv sursulìwìv rswltxhv hw sduwlfx0
olëuhphqw gh od wudqvsduhqfh1 Dlqvl/ ohv uhqghphqwv gh oxplqhvfhqfh phvxuìv srxu
glìuhqwhv sduwlfxohv/ hq gìexw g*xwlolvdwlrq g*xq vflqwloodwhxu/ qh vrqw sdv ohv píphv
dsuëv xqh xwlolvdwlrq soxv rx prlqv lqwhqvlyh gx vflqwloodwhxu +Fi1 ¢ 919 vxu od whqxh
dx{ udgldwlrqv ghv vflqwloodwhxuv,1
Od jxuh 9149 frquph ylvxhoohphqw txh ohv uhqghphqwv gh oxplqhvfhqfh vrqw phloohxuv
srxu xq vflqwloodwhxu qrq grsì +oh vflqwloodwhxu Dpfu|v0K/ sdu h{hpsoh, txh srxu xq vflq0
wloodwhxu grsì +JFR gìyhorssì dx oderudwrluh rx oh EF787 dfkhwì dxsuëv gh od vrflìwì
Elfurq/ Qhzexu| RKLR,1 Hq hhw/ oh grsdjh lqgxlw xqh soxv iruwh suredelolwì gh txhq0
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.) Scintillateur développé au laboratoire
Scintillateur BC454
Ilj1 9148= Dmxvwhphqw gh od orl gh Elunv dx{ grqqìhv srxu ohv surwrqv gx vflqwloodwhxu
frpphufldo EF787 hw gx vflqwloodwhxu gìyhorssì dx oderudwrluh
fklqj hw hqwudñqh dxvvl xqh glplqxwlrq gh od orqjxhxu gh ghpl dwwìqxdwlrq1
Oh sdudpëwuh V shuphw gh mxjhu gh od surgxfwlrq gh skrwrqv gx vflqwloodwhxu whvwì1
Oh vflqwloodwhxu sodvwltxh grsì dx Eruh uìdolvì dx vhlq gh qrwuh oderudwrluh suìvhqwh xq
sdudpëwuh V soxv lpsruwdqw txh vrq krprorjxh EF7871 Oh sdudpëwuh nE/ txl uhsuìvhqwh
oh txhqfklqj dx vhlq gx vflqwloodwhxu/ hvw soxv lpsruwdqw srxu oh EF787 txh srxu oh
vflqwloodwhxu gìyhorssì dx vhlq gh qrwuh oderudwrluh1 Sdu dloohxuv/ xqh idleoh surgxfwlrq
gh skrwrqv shxw íwuh frpshqvìh sdu xq idleoh frh!flhqw gh txhqfklqj1 Lo idxw grqf
glvsrvhu g*xq vflqwloodwhxu dyhf xq iruw srxyrlu gh surgxfwlrq gh skrwrqv gh oxplqhvfhqfh
pdlv ìjdohphqw dyhf xq idfwhxu g*h{wlqfwlrq rx txhqfklqj oh soxv idleoh srvvleoh1
Fhv ghx{ sdudpëwuhv vrqw grqf rssrvìv sxlvtx*lo idxw dxjphqwhu od frqfhqwudwlrq hq
proìfxoh  xruhvfhqwh srxu dxjphqwhu oh sdudpëwuh V1 Hq frqwuh sduwlh/ oh idlw g*dxjphqwhu
od frqfhqwudwlrq hq proìfxoh  xruhvfhqwh gdqv oh vflqwloodwhxu yd hqwudñqhu xqh dxjphqwd0
wlrq gx skìqrpëqh gh txhqfklqj1 O*rswlpxp gh frqfhqwudwlrq ghv proìfxohv xwlolvìhv
hvw grqf xq frpsurplv dq gh pd{lplvhu od surgxfwlrq gh skrwrqv gh vflqwloodwlrq hw gh
plqlplvhu o*h{wlqfwlrq dx vhlq gx pdwìuldx1
Oh idlw gh glvsrvhu ghv sdudpëwuhv gh oxplqhvfhqfh shuphw g*hqylvdjhu xqh vlpxodwlrq
gh od surgxfwlrq ghv skrwrqv gh vflqwloodwlrq srxu fhv vflqwloodwhxuv sodvwltxhv grsìv dx
Eruh1 Fhv grqqìhv q*ìwdlhqw sdv glvsrqleohv gdqv od olwwìudwxuh1 Hq hhw/ o*hvvhqwlho ghv
435
9181 GÌWHUPLQDWLRQ GHV SDUDPËWUHV GH OXPLQHVFHQFH
0 ORL GH ELUNV





























Ilj1 9149= Dmxvwhphqw gh od orl gh Elunv srxu ghv sduwlfxohv doskd = Frpsdudlvrq gh wurlv
vflqwloodwhxuv whvwìv
h{sìulhqfhv gh fdudfwìulvdwlrq suìvhqwì gdqv od olwwìudwxuh d ìwì uìdolvì srxu ghv vflqwlood0
whxuv sodvwltxhv qrq grsìv/ txl vrqw odujhphqw xwlolvìv gdqv ohv h{sìulhqfhv gh sk|vltxh
qxfoìdluh rx gh sk|vltxh ghv sduwlfxohv1
Píph v*lo d ìwì prqwuì sdu Prxdwdvvlp ^Prxdwdvvlp <8` txh ohv sdudpëwuhv gh oxpl0
qhvfhqfh g*xq vflqwloodwhxu qh vrqw sdv ohv píphv vl fh vrqw ghv surwrqv uhêxv g*xq idlvfhdx
g*dffìoìudwhxu rx ghv surwrqv jìqìuìv juåfh dx uhfxo gþ ã o*lqwhudfwlrq ghv qhxwurqv udslghv
dyhf ohv qr|dx{ g*K|gurjëqh gh od pdwlëuh/ o*hqvhpeoh ghv phvxuhv doskd hw surwrqv uìdol0
vìhv suìfìghpphqw shuphwwhqw g*ìydoxhu ohv sdudpëwuhv gh oxplqhvfhqfh ghv vflqwloodwhxuv
ìwxglìv1 Hq hhw/ o*lqwhudfwlrq ghv qhxwurqv dyhf oh vflqwloodwhxu prglh orfdohphqw ohv
sursulìwìv g*ìplvvlrq gh oxplëuh +gìjudgdwlrq ghv proìfxohv,1 Od surgxfwlrq gh skrwrqv
hvw doruv glplqxìh oruvtx*xq surwrq gh uhfxo lqwhudjlw dyhf oh pdwìuldx vflqwloodqw/ fh txl
q*hvw sdv oh fdv oruvtx*xq surwrq h{wìulhxu lqwhudjlw gluhfwhphqw sdu hhw frxorpelhq1
O*hqvhpeoh ghv phvxuhv gh oxplqhvfhqfh d ìwì uìdolvì dyhf xqh huuhxu gh 	53 (1 Pdojuì
fh qlyhdx g*huuhxu lpsruwdqw/ ohv sdudpëwuhv gìgxlwv ghv phvxuhv uìdolvìhv wdqw dxsuëv
gh o*dffìoìudwhxu tx*dx qlyhdx gx oderudwrluh rqw shuplv gh frqgxluh xqh vlpxodwlrq gx
frpsruwhphqw joredoh gx vflqwloodwhxu dyhf xq erq qlyhdx gh delolwì1
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919 Whqxh dx{ udgldwlrqv
Ohv proìfxohv suìvhqwdqw xqh iruwh frqfhqwudwlrq g*ìohfwurqv Z vxelvvhqw prlqv gh gì0
jåwv oruv g*xqh luudgldwlrq1 Fhod wlhqw dx idlw txh ohv surfhvvxv fklpltxhv gh uhfrpelqdlvrqv
vrqw soxv idflohv dyhf fhv vwuxfwxuhv ìohfwurqltxhv ^Plolqfkxn <<`1
Od whqxh dx{ ud|rqqhphqwv ghv vflqwloodwhxuv hvw fruuìoìh dyhf ohxuv fdsdflwìv ã lqklehu
ohv udglfdx{ oleuhv jìqìuìv sdu o*lqwhudfwlrq ghv ud|rqqhphqwv qxfoìdluhv dyhf oh vflqwlood0
whxu ^Sxhuwrodv <4`1 Hq fh vhqv/ od suìvhqfh gh qrpeuhx{ qr|dx{ ehq}ìqltxhv dx vhlq gh od
vwuxfwxuh gx vflqwloodwhxu shuphw g*dpìolruhu ohv shuirupdqfhv ã od whqxh dx{ udgldwlrqv1
Hq idlw/ od vwdelolwì gìshqg ìjdohphqw gx w|sh gh udglfdx{ txh o*luudgldwlrq hvw vxvfhswleoh
g*hqjhqguhu dx vhlq gx sro|pëuh1 Lo d ìwì qrwì sdu Edudvknry ^Edudvknry <9` xqh shuwh gh
53 ( gh uhqghphqw oxplqhx{ srxu xqh grvh gh 43
 
J|1 Sdu frqwuh od shuwh gh wudqvsduhqfh
q*hvw txh gh 5 ã 9 ( srxu od píph grvh1 Gh píph Kdpdgd ^Kdpdgd <<` d ìjdohphqw qrwì
xqh glplqxwlrq qrwdeoh ghv shuirupdqfhv rswltxhv dsuëv luudgldwlrq frxsoìh ìjdohphqw ã
xqh iudjlolvdwlrq dx qlyhdx pìfdqltxh1
Od grvh gh ghpl0ghvwuxfwlrq g*xq vflqwloodwhxu ydulh hq irqfwlrq gh vhv sursuhv frqvwl0
wxdqwv ^Elunv 8;`1 Wrxv ohv fkluhv vxlydqwv vrqw grqqìv srxu ghv sduwlfxohv doskd suryh0
qdqw gx Srorqlxp/ frpph vrxufh h{flwdwulfh hw g*luudgldwlrq1 Oh sro|vw|uëqh vhxo shxw
vxelu xqh grvh lqwìjuìh gh 8143
 
J|/ doruv txh ghv pìodqjhv gh sro|vw|uëqh dyhf 6 ( gh
s0whuskìq|o hw 3/35 ( gh WSE +dqdorjxh gx SRSRS, shxyhqw vxelu xqh grvh lqwìjuìh
gh 9143
 
J| dydqw gh suìvhqwhu ghv gìjåwv dqdorjxhv1 Fhuwdlqv pìodqjhv vflqwloodqwv sodv0
wltxhv vsìfldx{ shxyhqw vxelu ghv grvhv fxpxoìhv gh 43
!
J|1 Fhv sodvwltxhv glvsrvhqw
gh ehdxfrxs g*ìohfwurqv glvsrqleohv txl shuphwwhqw gh uhfrpelqhu ohv udglfdx{ irupìv
sdu ohv gìjåwv fdxvìv oruv gh o*luudgldwlrq1 Gh soxv/ ohv udglfdx{ udglr0lqgxlwv surgxlwv
gdqv fhv pdwìuldx{ vrqw vwdeohv srxu od soxsduw hw q*lqwhudjlvvhqw sdv dyhf ohv proìfxohv
frpsrvdqw oh vflqwloodwhxu1 Oh fkrl{ gh od edvh xwlolvìh srxu od uìdolvdwlrq gx vflqwloodwhxu
frqglwlrqqh vd whqxh dx{ udgldwlrqv ^]ruq ;;`1 Ghv hvvdlv gh uìfxsìudwlrq ghv sursulìwìv
gh oxplqhvfhqfh gh vflqwloodwhxu delpìv sdu xqh luudgldwlrq rqw ìwì whqwìv sdu Mrkqvr0
qdqg ^Mrkqvrqdqg <4`1 Pdojuì od plvh dx srlqw gh fh w|sh gh wudlwhphqw/ fhv vflqwloodwhxuv
ghphxuhqw iudjlohv dx{ luudgldwlrqv hq frpsdudlvrq dyhf ghv gìwhfwhxuv gh w|sh jd}1
91: Uìsrqvh dx{ qhxwurqv
Oh vshfwuh fdudfwìulvwltxh gh fh w|sh gh vflqwloodwhxuv h{srvìv ã xq  x{ gh qhxwurqv
wkhupltxhv hvw suìvhqwì jxuh 914:1 Od vrxufh xwlolvìh hvw xqh vrxufh frpelqìh Dpìulflxp
0 Eìu|olxp wkhupdolvìh sdu 43 fp gh sdud!qh hw hqwrxuìh g*xqh ihxlooh gh sorpe gh
7 pp1 Fhwwh ihxlooh gh Sorpe d srxu hhw g*dwwìqxhu ohv jdppd g*ìqhujlh pdmrulwdluhphqw
frpsulvh hqwuh 8< nhY hw 47 nhY ìplv oruv gh od gìvlqwìjudwlrq doskd gh o*Dpìulflxp1
Oh glvsrvlwli h{sìulphqwdo hvw frqvwlwxì g*xq vflqwloodwhxu sodvwltxh grsì rx qrq dx
Eruh frxsoì rswltxhphqw ã xq skrwrpxowlsolfdwhxu [S5353 dolphqwì vrxv 5333 Yrowv1 Oh
vljqdo hvw dpsolì hw plv hq iruph sdu xq dpsolfdwhxu RUWHF 783 +jdlq gh 833 dyhf
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91:1 UÌSRQVH DX[ QHXWURQV
xqh frqvwdqwh g*lqwìjudwlrq gh 4 >v,1 Oh vljqdo frqglwlrqqì hvw doruv dqdo|vì sdu xqh fduwh
dqdo|vhxu pxowlfdqdx{ WUXP ;n1





















+ Li +α γ
Ilj1 914:= Vshfwuh hq ìqhujlh g*xq vflqwloodwhxu sodvwltxh grsì dx eruh EF787 luudglì sdu
xq  x{ gh qhxwurqv wkhupltxhv lvvx g*xqh vrxufh g*DpEh wkhupdolvìh1
Rxwuh oh slf sulqflsdo lvvx gh o*lqwhudfwlrq ghv lrqv doskd hw olwklxp ìplv sdu od uìdfwlrq
gh fdswxuh/ lo dssdudñw qhwwhphqw xq ìsdxohphqw txl fruuhvsrqg ã o*lqwhudfwlrq vlpxowd0
qìh gx skrwrq jdppd gh 7:; nhY +hvvhqwlhoohphqw sdu hhw Frpswrq, hw ghv ghx{ lrqv
Olwklxp hw doskd dx vhlq gx vflqwloodwhxu1 Fh slf hvw surfkh gx qlyhdx gh euxlw gh irqg
ìohfwurqltxh gh od fkdñqh gh phvxuh1 Fhfl uhqg vd gìwhfwlrq gìolfdwh hq suìvhqfh g*xq pl0
olhx iruwhphqw euxlwì wdqw vxu oh sodq ìohfwurqltxh txh udglrdfwli1 Dsuëv ìwdorqqdjh juåfh
ã ghv vrxufhv eíwd/ qrxv dyrqv prqwuì txh fh slf vh vlwxh dxwrxu gh 433 nhY  ! 1 F*hvw ã
gluh txh od fdswxuh g*xq qhxwurq wkhupltxh qh jìqëuh sdv soxv gh skrwrqv gh vflqwloodwlrq
tx*xq ìohfwurq gh 433 nhY/ doruv tx*hooh oleëuh 5/: PhY g*ìqhujlh1
Xqh frpsdudlvrq gh od uìsrqvh g*xq vflqwloodwhxu sodvwltxh grsì dx Eruh hw g*xq vflq0
wloodwhxu sodvwltxh vlpsoh d ìwì uìdolvìh1 Oh slf fruuhvsrqgdqw dx{ qhxwurqv wkhupltxhv
dssdudñw wuëv qhwwhphqw +Fi1 jxuh 914;, srxu xq vflqwloodwhxu grsì/ doruv txh srxu xq
vflqwloodwhxu qrq grsì/ oh vshfwuh qh suìvhqwh dxfxq slf vljqlfdwli1 Sdu frqwuh/ o*ìsdx0
ohphqw ylvleoh vxu od jxuh 914: q*dssdudñw sdv vxu od jxuh 914;1 Fhfl hvw gþ ã ghx{
fkrvhv =
 Od plvh hq rhxyuh +jdlq gh o*dpsolfdwhxu hw frqvwdqwh gh plvh hq iruph gx vljqdo,
hvw glìuhqwh hqwuh ohv ghx{ h{sìulhqfhv1
 Oh vflqwloodwhxu grqw ohv uìvxowdwv vrqw suìvhqwìv vxu od jxuh 914; d vxel xq fhuwdlq
qrpeuh gh whvwv hw g*h{sìulhqfhv txl rqw gìjudgì vhv sursulìwìv oxplqhvfhqwhv hw
rswltxhv1
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FKDSLWUH 91 FDUDFWÌULVDWLRQ VRXV IDLVFHDX[ GH
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Scintillateur plastique dopé au bore















Ilj1 914;= Frpsdudlvrq gx vshfwuh qhxwurqltxh rewhqx srxu xq vflqwloodwhxu sodvwltxh qrq
grsì hw xq vflqwloodwhxu sodvwltxh grsì dx eruh
Hq xwlolvdqw od vrxufh ìwdorq gx OQKE/ oh qrpeuh gh skrwrqv/ txl vrqw ìplv srxu xqh
lqwhudfwlrq gh fdswxuh gh w|sh +q/k, g*xq qhxwurq wkhupltxh sdu xq qr|dx gh Eruh 43/ d
ìwì ìydoxì ã 633 	 83 skrwrqv ìtxlydohqwv ã 758 qp1 Srxu fh fdofxo/ lo d ìwì whqx frpswh




Prgìolvdwlrq gh od uìsrqvh
qhxwurqltxh hw oxplqhxvh
Od vlpxodwlrq gx frpsruwhphqw ghv vflqwloodwhxuv sodvwltxhv grsìv dx Eruh shuphw
g*rswlplvhu od jìrpìwulh qdoh gx gìwhfwhxu dq gh pd{lplvhu o*h!fdflwì gh gìwhfwlrq1 Od
sursdjdwlrq gh od oxplëuh gdqv fhv vflqwloodwhxuv d ìjdohphqw ìwì ìwxglìh dq g*hq dssuì0
khqghu ohv idfwhxuv g*lq xhqfh vxu oh uhqghphqw gh froohfwlrq ghv skrwrqv1 Od prgìolvdwlrq
joredoh +qhxwurqltxh hw oxplqhxvh, gh fh w|sh gh gìwhfwhxu shuphw gh uhqguh frpswh gh
od txdqwlwì gh oxplëuh qdohphqw glvsrqleoh dsuëv xqh lqwhudfwlrq qhxwurqltxh1 Dlqvl/ lo
hvw srvvleoh gh vlpxohu od txdqwlwì gh vljqdo glvsrqleoh hq vruwlh gx skrwrpxowlsolfdwhxu1
:14 Dgìtxdwlrq gx frgh gh fdofxo qhxwurqltxh
Ghv ìwxghv/ frqgxlwhv sdu ^Ndp|nrzvnl <5`/^Ndp|nrzvnl <3`/^PfHokdqh| <3` hw ^E|ug <7`/
rqw ìwì phqìhv dq gh gìwhuplqhu vl fh w|sh gh frgh gh fdofxo shuphw gh uhqguh frpswh
fruuhfwhphqw gx frpsruwhphqw ghv qhxwurqv gdqv ohv vflqwloodwhxuv1 D od oxplëuh ghv uì0
vxowdwv rewhqxv hw ghv frpsdudlvrqv dyhf ghv vìulhv gh phvxuhv h{sìulphqwdohv/ ohv dxwhxuv
gh fhv duwlfohv vrqw duulyìv ã od frqfoxvlrq txh ohv frghv gh fdofxo gh wudqvsruw qhxwurqltxh
gh w|sh PFQS shxyhqw v*dssoltxhu dx{ vflqwloodwhxuv sodvwltxhv grsìv dx Eruh1 Fh w|sh
gh frgh uhqg frpswh gh o*lqwhudfwlrq ghv ud|rqqhphqwv qrq fkdujìv +w|sltxhphqw ohv qhx0
wurqv rx ohv jdppd, dyhf od pdwlëuh1 Gh soxv/ od frpsrvlwlrq gx vflqwloodwhxu sodvwltxh
grsì dx Eruh/ dlqvl txh vd jìrpìwulh/ shxyhqw | íwuh suìflvìphqw gìqlv1
Ohv ìwxghv suìfìghpphqw phqìhv vxu fhv vflqwloodwhxuv rqw sruwì vxu od gxuìh gh ylh gx
qhxwurq gdqv oh vflqwloodwhxu/ f*hvw ã gluh oh whpsv qìfhvvdluh srxu tx*lo shugh vx!vdpphqw
g*ìqhujlh srxu dwwhlqguh oh qlyhdx gx wkhupltxh +ã vdyrlu 58 phY, hw tx*lo vrlw devrueì
sdu xq qr|dx gh Eruh 431 Ghv vlpxodwlrqv frpsoìphqwdluhv rqw ìjdohphqw ìwì frqgxlwhv
frqfhuqdqw o*ìwxgh gh od uìsrqvh qhxwurqltxh/ hq g*dxwuhv whuphv/ o*h!fdflwì gh gìwhfwlrq
ghv vflqwloodwhxuv sodvwltxhv grsìv dx Eruh hq irqfwlrq gh o*ìqhujlh ghv qhxwurqv lqflghqwv1
43:
FKDSLWUH :1 PRGÌOLVDWLRQ GH OD UÌSRQVH
QHXWURQLTXH HW OXPLQHXVH
:15 Vlpxodwlrq qhxwurqltxh ã o*dlgh gh PFQS
:1514 Suìvhqwdwlrq gx frgh gh fdofxo
Oh frgh gh wudqvsruw qhxwurqltxh xwlolvì hvw oh frgh gh fdofxo PFQS Yhuvlrq 7E5
^Eulhvphlvwhu <:` gìyhorssì sdu oh oderudwrluh dpìulfdlq gh Orv Dodprv1 Fh frgh shuphw
od vlpxodwlrq gx wudqvsruw hw ghv lqwhudfwlrqv gh sduwlfxohv whoohv oh qhxwurq rx oh skr0
wrq1 G*dloohxuv/ PFQS hvw o*dfurq|ph gh Prqwh Fduor Q0Sduwlfxohv1 Qìdqprlqv/ lo shxw
ìjdohphqw/ gdqv xqh fhuwdlqh phvxuh/ vlpxohu oh wudqvsruw ghv ìohfwurqv gdqv od pdwlëuh1
Fh frgh gh fdofxo jëuh o*hqvhpeoh ghv lqwhudfwlrqv sk|vltxhv hqwuh ohv qhxwurqv hw od
pdwlëuh1 Od edvh gh grqqìhv gh vhfwlrqv h!fdfhv HQGI 9 hvw xwlolvìh srxu wrxv ohv fdofxov
ghv wdx{ gh uìdfwlrq1
Fh frgh Prqwh Fduor uhvwh/ pdojuì vd frpsoh{lwì/ xq frgh gh fdofxo irqfwlrqqdqw vxu
od edvh gh pìwkrghv vwdwlvwltxhv1 Dlqvl/ ohv uìvxowdwv rewhqxv ã o*lvvxh g*xqh vlpxodwlrq qh
grlyhqw sdv íwuh sulv euxwv/ pdlv/ dyhf ohv whvwv vwdwlvwltxhv v*| dìudqw dq g*hq gìwhuplqhu
od suìflvlrq hw od urexvwhvvh1
Oh frgh xwlolvh xq fklhu g*hqwuìh uhjurxsdqw wrxwhv ohv grqqìhv qìfhvvdluhv dx fdofxo1
Fh fklhu shuphw gh gìqlu/ hqwuh dxwuh/ ohv pdwìuldx{ xwlolvìv srxu oh sureoëph/ od jìrpì0
wulh/ oh w|sh gh vrxufh xwlolvìh +srvlwlrq/ ìqhujlh/111, hw ohv dffxpxodwhxuv vwdwlvwltxhv txl
gìqlvvhqw fh txh o*xwlolvdwhxu yhxw uhwluhu frpph lqirupdwlrqv gh od vlpxodwlrq1 Oh fklhu
uìvxowdw irxuqlw hq ìfkdqjh ohv uìvxowdwv ghv dffxpxodwhxuv pdlv ìjdohphqw xq hqvhpeoh
gh whvwv vwdwlvwltxhv/ tx*lo frqylhqw gh qh sdv qìjoljhu sxlvtx*lov shuphwwhqw gh mxjhu gh od
mxvwhvvh vwdwlvwltxh ghv vlpxodwlrqv1
Od vlpxodwlrq gx frpsruwhphqw qhxwurqltxh joredo ghv vflqwloodwhxuv sodvwltxhv grsìv
dx Eruh lpsoltxh od frqqdlvvdqfh gh od wudmhfwrluh vxlylh sdu oh qhxwurq gxudqw vrq lq0
whudfwlrq dyhf oh gìwhfwhxu1 D fkdtxh fkrf uìdolvì sdu oh qhxwurq gxudqw vrq h{lvwhqfh/ oh
w|sh gh qr|dx{ froolvlrqqìv/ oh w|sh g*lqwhudfwlrq txl d hx olhx/ oh gìs÷w g*ìqhujlh hhfwxì
dlqvl txh od srvlwlrq gh o*lqwhudfwlrq vrqw frqvljqìv gdqv xq fklhu gh vruwlh sduwlfxolhu1
O*hqvhpeoh gh fhv grqqìhv hvw doruv uhsulv sdu oh frgh gh vlpxodwlrq gh od uìsrqvh oxpl0
qhxvh ghv vflqwloodwhxuv1 Fh ghuqlhu xwlolvh o*lqirupdwlrq vxu oh w|sh gh qr|dx hw o*ìqhujlh
gìsrvìh srxu jìqìuhu oh qrpeuh gh skrwrqv fruuhvsrqgdqw/ hq whqdqw frpswh gh o*hqgurlw
rü d hx olhx o*lqwhudfwlrq qhxwurq 0 pdwlëuh gdqv oh vflqwloodwhxu1
:1515 Vshfwuh hq ìqhujlh ghv qhxwurqv
Oh frgh gh fdofxo PFQS qìfhvvlwh od gìqlwlrq g*xqh vrxufh gh surgxfwlrq gh qhxwurqv1
Fhwwh vrxufh shxw íwuh jìqìuìh sdu oh frgh oxl0píph1 Gdqv fh fdv/ lo vh fkdujh g*hhfwxhu
xq wludjh Prqwh Fduor gh o*ìqhujlh ghv qhxwurqv lvvxv gh fhwwh vrxufh hq irqfwlrq ghv
sdudpëwuhv {ìv sdu o*xwlolvdwhxu +vrxufh prqrìqhujìwltxh rx dx frqwudluh glvwulexwlrq
gh o*ìqhujlh ghv qhxwurqv vxlydqw xqh orl sduwlfxolëuh gh w|sh pd{zhoolhqqh rx gh Zdww,1
G*dloohxuv ohv sdudpëwuhv jìrpìwultxhv whov ohv frrugrqqìhv g*ìplvvlrq vrqw ìjdohphqw
43;
:151 VLPXODWLRQ QHXWURQLTXH Ã O*DLGH GH PFQS
wluìv vhorq ohv pìwkrghv Prqwh Fduor hq uhvshfwdqw ohv sdudpëwuhv {ìv hq hqwuìh sdu
o*xwlolvdwhxu +vrxufh glxvh gdqv xq yroxph gìwhuplqì/ rx/ dx frqwudluh/ srqfwxhooh,1
Od orl gh Zdww fruuhvsrqgdqw ã od glvwulexwlrq gh o*ìqhujlh ghv qhxwurqv hvw grqqìh
sdu o*ìtxdwlrq :141









Oh vshfwuh hq ìqhujlh ghv qhxwurqv vlpxoìv hvw xq vshfwuh gh vvlrq gh Zdww fhqwuì
dxwrxu gh 833 nhY hw vh whuplqdqw yhuv : PhY frpph suìvhqwì vxu od jxuh :141 Fh
vshfwuh fruuhvsrqg hq pr|hqqh ã fhoxl ghv qhxwurqv ìplv sdu ohv udglrìoìphqwv suìvhqwv
gdqv ohv iþwv gh gìfkhwv1
Fh vshfwuh w|sh qh fruuhvsrqg sdv ã wrxv ohv iþwv1 Hq hhw/ ohv qhxwurqv ìplv sdu ohv
uìdfwlrqv gh vvlrq vsrqwdqìhv hw sdu uìdfwlrq +k/q, rqw xq vshfwuh txl gìshqg gx w|sh gh
udglrìoìphqw suìvhqw gdqv oh iþw gh gìfkhwv1 Gh soxv/ vhorq od fkdujh hq ìoìphqwv iruwhphqw
k|gurjìqìv
 
suìvhqwh gdqv oh iþw gh gìfkhwv/ oh skìqrpëqh gh wkhupdolvdwlrq shxw íwuh
soxv rx prlqv lpsruwdqw1 Oh pd{lpxp gx vshfwuh shxw grqf íwuh dwwhlqw srxu ghv ìqhujlhv









Somme des probabilités = 1
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Energie en MeV
Ilj1 :14= Vshfwuh gh Zdww grqqdqw od uìsduwlwlrq hq ìqhujlh ghv qhxwurqv vlpxoìv sdu
PFQS
Ohv frh!flhqwv d hw e shuphwwhqw g*dmxvwhu od glvwulexwlrq hq ìqhujlh ghv qhxwurqv
vlpxoìv hq irqfwlrq gx w|sh gh frolv vlpxoì1
!
H{hpsoh g*ìoìphqwv iruwhphqw k|gurjìqìv = edfkhv hq ylq|o/ owuhv hq fhooxorvh/ jdqwv/ hwf1
43<
FKDSLWUH :1 PRGÌOLVDWLRQ GH OD UÌSRQVH
QHXWURQLTXH HW OXPLQHXVH
:1516 Rswlplvdwlrq gh od jìrpìwulh srxu od gìwhfwlrq gh qhx0
wurqv udslghv
Dqjoh vrolgh
O*dqjoh vrolgh vh gìqlw frpph od vxuidfh gx gìwhfwhxu yxh sdu od vrxufh1 Od vrxufh hvw
dssur{lpìh ã xqh vrxufh srqfwxhooh1 Od vxuidfh gx gìwhfwhxu yxh gh od vrxufh hvw udphqìh
ã xq uhfwdqjoh txh fhod vrlw srxu xqh jìrpìwulh f|olqgultxh rx sdudooìoìslsìgltxh1
O*dqjoh vrolgh hvw gìql sdu ohv ìtxdwlrqv :15 hw :16 vl od jìrpìwulh frqvlgìuìh hvw
xqh vrxufh srqfwxhooh hw oh gìwhfwhxu gh iruph sdudooìoìslsìgltxh/ frpph oh suìvhqwh od
























Ilj1 :15= Pìwkrgh xwlolvìh srxu oh fdofxo gh o*dqjoh vrolgh
Frpswh whqx gh od jìrpìwulh f|olqgultxh xwlolvìh srxu xqh sduwlh ghv vlpxodwlrqv/
od gìpdufkh suìvhqwìh vxu od jxuh :16 d ìwì dgrswìh srxu oh fdofxo gh o*dqjoh vrolgh1
Od vlpxodwlrq frqvlvwh ã dssur{lphu oh f|olqguh yx sdu od vrxufh ã xq sdudooìoìslsëgh
uhfwdqjoh1 O*dqjoh vrolgh dlqvl gìql shxw íwuh ìydoxì srxu ghv gìwhfwhxuv f|olqgultxhv













Ilj1 :16= Jìrpìwulh gx glvsrvlwli vlpxoì srxu xqh vrxufh srqfwxhooh hw xq vflqwloodwhxu

























O*dqjoh vrolgh wrwdo srxu xq gìwhfwhxu sdudooìoìslsìgltxh hvw grqqì sdu od uhodwlrq :181
Lo ydulh xqltxhphqw hq irqfwlrq gh vd orqjxhxu1 Srxu xq f|olqguh/ o*dqjoh vrolgh wrwdo
gìshqg gh vrq ud|rq/ srxu xqh orqjxhxu frqvwdqwh1
O*hqvhpeoh ghv ydohxuv g*dqjoh vrolgh hvw frqvljqì gdqv oh wdeohdx :14 srxu ohv ghx{
jìrpìwulhv1 Frpph o*dqjoh vrolgh srxu oh f|olqguh ydulh gh idêrq vljqlfdwlyh hq irqfwlrq
gx ud|rq/ ohv ghx{ dqjohv vrolghv h{wuíphv rqw ìwì fdofxoìv hw qrwìv srxu xqh kdxwhxu
grqqìh1 Sdu frqwuh/ srxu oh sdudooìoìslsëgh/ fhwwh yduldwlrq q*hvw sdv vljqlfdwlyh/ grqf
txhooh txh vrlw o*ìsdlvvhxu/ o*dqjoh vrolgh d ìwì frqvlgìuì frpph frqvwdqw srxu xqh kdxwhxu
{ìh1
Kdxwhxu Dqjoh vrolgh plqlpxp Dqjoh vrolgh pd{lpxp




















48 fp 6/83143 !
"
vu
Sdudooìoìslsëgh 63 fp 9/;7143 !
"
vu
uhfwdqjoh 78 fp </;;143 !
"
vu
93 fp 45/89143 !
"
vu
Wdeohdx :14= Yduldwlrq gh o*dqjoh vrolgh hq irqfwlrq gh od jìrpìwulh gx gìwhfwhxu
Lo d ìwì whqx frpswh gh fhv ydohxuv g*dqjoh vrolgh dq gh v*dudqfklu g*xqh sduwlh
gh o*hhw gþ ã od jìrpìwulh gx gìwhfwhxu srxu ohv uìvxowdwv ghv vlpxodwlrqv qhxwurqltxhv
suìvhqwìv gdqv oh sdudjudskh vxlydqw1
444
FKDSLWUH :1 PRGÌOLVDWLRQ GH OD UÌSRQVH
QHXWURQLTXH HW OXPLQHXVH
Uìvxowdwv
Oh frgh PFQS grqqh frpph uìvxowdw xq  x{ gh sduwlfxohv sdu fp
 
1 Fh uìvxowdw hvw
doruv qrupdolvì hq whqdqw frpswh gx pdwìuldx hw gh od vhfwlrq h!fdfh vh udssruwdqw dx
w|sh gh uìdfwlrq qrxv lqwìuhvvdqw1 Oh uìvxowdw lqwhupìgldluh hvw doruv h{sulpì hq qrpeuh
g*ìyëqhphqwv sdu fp
!
/ vdwlvidlvdqwv dx{ fulwëuhv g*lqwìuíw {ìv1 Frqqdlvvdqw oh yroxph gx
gìwhfwhxu ìwxglì/ lo hvw doruv srvvleoh g*rewhqlu qdohphqw oh qrpeuh wrwdo g*lqwhudfwlrqv txl
rqw hx olhx gdqv oh gìwhfwhxu srxu xq w|sh gh uìdfwlrq grqqìh hw qrupdolvì srxu xq qhxwurq
vlpxoì1 Fhwwh lqirupdwlrq shuphw/ sdu vlpxodwlrqv vxffhvvlyhv gh glìuhqwhv jìrpìwulhv/
g*rswlplvhu oh gìwhfwhxu dq gh pd{lplvhu o*h!fdflwì gh gìwhfwlrq gx glvsrvlwli1
Ohv uìvxowdwv frqfhuqdqw ohv gìwhfwhxuv f|olqgultxhv vrqw suìvhqwìv vxu od jxuh :171 Od
jìrpìwulh f|olqgultxh shuphw g*hqylvdjhu xqh ideulfdwlrq hq oderudwrluh +Fi1 fkdslwuh 6,1
Gh soxv/ fhwwh jìrpìwulh shuphw od frqfhswlrq g*hqvhpeohv gh gìwhfwlrq soxv idyrudeohv
lqwulqvëtxhphqw ã od sursdjdwlrq gh od oxplëuh jìqìuìh sdu oh skìqrpëqh gh vflqwloodwlrq1
Ohv uìvxowdwv uhodwliv dx{ gìwhfwhxuv sdudooìoìslsìgltxhv vrqw suìvhqwìv vxu od jxuh :181
Fhwwh jìrpìwulh shuphw od uìdolvdwlrq gh judqg hqvhpeoh gh gìwhfwlrq sdu vxshusrvlwlrq
gh soxvlhxuv gìwhfwhxuv ìoìphqwdluhv1 Xq glvsrvlwli sodq gh judqgh vxuidfh hvw doruv hqyl0
vdjhdeoh1
Txhooh txh vrlw od orqjxhxu gx gìwhfwhxu vlpxoì/ lo dssdudñw wrxmrxuv xq sodwhdx ã sduwlu
gh 68 pp gh ud|rq srxu ohv gìwhfwhxuv f|olqgultxhv hw gh 63 pp gh ud|rq srxu ohv gìwhf0
whxuv sdudooìoìslsìgltxhv1 G*dsuëv oh vshfwuh hq ìqhujlh ghv qhxwurqv vlpxoìv/ oh qrpeuh
pr|hq pd{lpdo gh fkrfv tx*lov shxyhqw uìdolvhu hvw lqiìulhxu ã 461 Oh glìuhqwlho hqwuh ohv
rswlpd srxu ohv gìwhfwhxuv sdudooìoìslsìgltxhv hw fhx{ srxu ohv gìwhfwhxuv f|olqgultxhv hvw
sxuhphqw g*ruljlqh jìrpìwultxh hw surylhqw gx idlw tx*xq f|olqguh shxw íwuh lqvfulw gdqv
xq sdudooìoìslsëgh uhfwdqjoh1
Od vlpxodwlrq srxu oh gìwhfwhxu f|olqgultxh odlvvh dssdudñwuh xqh frxuexuh gx wudfì
srxu ohv idleohv ud|rqv1 Fhwwh frxuexuh hvw qhwwhphqw prlqv surqrqfìh txh srxu ohv gìwhf0
whxuv sdudooìoìslsìgltxhv1 Od jxuh :19 shuphw g*dssuìkhqghu soxv suìflvìphqw oh srlqw
ã sduwlu gxtxho od frxueh dwwhlqw vrq sdolhu/ f*hvw gluh oh gldpëwuh gx f|olqguh ã sduwlu
gxtxho od pdmrulwì ghv qhxwurqv hqwudqwv rqw ìwì vwdwlvwltxhphqw wkhupdolvìv1 Dlqvl/ srxu
ohv gìwhfwhxuv f|olqgultxhv/ xq ud|rq gh 68 pp vhpeoh íwuh vx!vdqw srxu fhwwh wåfkh1
O*h!fdflwì gh wkhupdolvdwlrq ghv vflqwloodwhxuv sodvwltxhv grsìv dx Eruh hvw doruv rswl0
pdoh srxu fh gldpëwuh1 Od frxueh sodirqqh doruv srxu ghv gldpëwuhv soxv lpsruwdqwv/ fh
txl vljqlh tx*hq pr|hqqh ohv qhxwurqv lqflghqwv rqw uìdolvì oh qrpeuh gh fkrfv pr|hqv
qìfhvvdluhv srxu hhfwxhu ohxu frpsoëwh wkhupdolvdwlrq1
Od vlpxodwlrq sdu PFQS hvw xqh vlpxodwlrq gh w|sh Prqwh Fduor hw ã fh wlwuh vwdwlv0
wltxh1 Ohv qhxwurqv/ grqw o*ìqhujlh hvw shx suredeoh/ fdu ã od olplwh vxsìulhxuh gx vshfwuh
gh Zdww vlpxoì/ qh vrqw sdv wrxv wkhupdolvìv srxu fhwwh ìsdlvvhxu rx fh gldpëwuh rswlpdo1
Ohxu frqwulexwlrq dx uìvxowdw qdo gh od vlpxodwlrq hvw doruv idleoh sxlvtx*hooh gìshqg gl0
uhfwhphqw gh ohxu srlgv vwdwlvwltxh gdqv oh vshfwuh hq ìqhujlh1 Dlqvl/ ohv rswlpxpv wurxyìv
qh shuphwwhqw sdv gh wkhupdolvhu frpsoëwhphqw ohv qhxwurqv grqw o*ìqhujlh hvw vxsìulhxuh
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Hauteur = 30 cm
Réaction (n,p) élastique



























































Hauteur = 15 cm
Réaction (n,p) élastique
Rayon du cylindre en mm
Hauteur = 45 cm
Réaction (n,p) élastique
Rayon du cylindre en mm
Ilj1 :17= Rswlplvdwlrq gx gldpëwuh ghv f|olqguhv vlpxoìv srxu ghv gìwhfwhxuv gh glìuhqwhv
orqjxhxuv
































































































































































































































Hauteur de 15 cm
Réaction (n,p) élastique
Epaisseur en cm





























































Ilj1 :18= Rswlplvdwlrq gh o*ìsdlvvhxu gx gìwhfwhxu sdudooìoìslsìgltxh srxu glìuhqwhv
orqjxhxuv
rx ìjdoh ã soxvlhxuv PhY/ f*hvw ã gluh dx{ qhxwurqv vlwxìv gdqv o*h{wuìplwì kdxwh gx
vshfwuh qhxwurqltxh vlpxoì1
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Rayon du cylindre en mm
Ilj1 :19= Rswlplvdwlrq gx gldpëwuh g*xq vflqwloodwhxu grsì dx eruh f|olqgultxh srxu wkhu0
pdolvhu o*hqvhpeoh ghv qhxwurqv lqflghqwv grqw oh vshfwuh hq ìqhujlh hvw fhqwuì vxu 833 nhY
hw v*ìwdoh mxvtx*ã 7 PhY1
Ohv eduuhv g*huuhxuv revhuydeohv vxu ohv jxuhv vrqw ohv huuhxuv fdofxoìhv sdu PFQS1
Hoohv gìshqghqw gluhfwhphqw gh o*ìfduw w|sh vwdwlvwltxh vxu ohv ydohxuv hvwlpìhv sdu oh
frgh hw grqf gx qrpeuh gh sduwlfxohv vlpxoìhv1 Hoohv uìvxowhqw ìjdohphqw gh o*ìfduw w|sh
lqwulqvëtxh olì ã od sk|vltxh1 Lo fruuhvsrqg dx{ surfhvvxv sursuhv vh surgxlvdqw dx vhlq
gx gìwhfwhxu1 Ohv vlpxodwlrqv uìdolvìhv oruv gh fh wudydlo rqw frqgxlw ã od jìqìudwlrq gh
4 ploolrq gh qhxwurqv/ fh txl hvw vx!vdqw srxu dwwhlqguh o*ìfduw w|sh lqwulqvëtxh1
Fhv vlpxodwlrqv rqw grqf shuplv g*rswlplvhu od jìrpìwulh gx gìwhfwhxu hq irqfwlrq ghv
qhxwurqv udslghv grqw oh vshfwuh hq ìqhujlh hvw surfkh gh fhoxl revhuyì srxu ohv qhxwurqv
suryhqdqw ghv iþwv gh gìfkhwv1
:1517 Qrpeuh gh fkrfv qìfhvvdluhv srxu wkhupdolvhu xq qhxwurq
Dyhf oh frgh gh fdofxo xwlolvì/ lo hvw srvvleoh g*hvwlphu oh qrpeuh pr|hq gh fkrf qì0
fhvvdluhv srxu wkhupdolvhu xq qhxwurq lqflghqw g*xqh ìqhujlh grqqìh/ frpph oh prqwuh od
jxuh :1:1
Srxu ghv idleohv ìsdlvvhxuv gh vflqwloodwhxu/ oh qhxwurq gh 4PhY uìdolvh soxv gh froolvlrqv
txh oh qhxwurq gh 6 PhY1 Fhfl v*h{soltxh sdu oh idlw tx*ã 4 PhY/ oh qhxwurq hvw soxv
udslghphqw wkhupdolvì tx*ã 6 PhY1 Ru frpph oh sdufrxuv hqwuh ghx{ froolvlrqv gìshqg gh
o*ìqhujlh gx qhxwurq/ prlqv lo glvsrvh g*ìqhujlh soxv lo dxud gh fkdqfh g*hqwuhu hq froolvlrq
dyhf xq qr|dx gx plolhx wudyhuvì1 Sdu frqwuh/ ã sduwlu gh 6 fp g*ìsdlvvhxu/ od whqgdqfh
v*lqyhuvh1 Hq hhw/ oh qhxwurq gh 4 PhY hvw frpsoëwhphqw wkhupdolvì doruv txh oh qhxwurq
gh 6 PhY q*d sdv ql vrq sdufrxuv/ lo glvsrvh/ hqfruh/ g*xqh fhuwdlqh txdqwlwì g*ìqhujlh ã
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shuguh1 Dlqvl/ oh qhxwurq gh 6 PhY idlw suhvtx*xq fkrf gh soxv txh fhoxl gh 4 PhY srxu
xqh píph ìqhujlh qdoh gh 58 phY1













Nombre de chocs moyen en fonction de
l'énergie du neutron incident et de
l'épaisseur du parrallélépipède


































Ilj1 :1:= Qrpeuh gh fkrfv qìfhvvdluhv srxu wkhupdolvhu xq qhxwurq hq irqfwlrq gh vrq
ìqhujlh lqflghqwh1
Srxu xq vflqwloodwhxu sodvwltxh grsì dx Eruh/ oh qrpeuh pr|hq gh fkrfv srxu wkhu0
pdolvhu xq qhxwurq gh 6 PhY hvw gh 43 glxvlrqv ìodvwltxhv gh w|sh +q/s,1 Vl fh uìvxowdw
hvw frpsduì ã fhoxl rewhqx suìfìghpphqw srxu od wkhupdolvdwlrq ghv qhxwurqv gh vvlrq
vlpxoìv sdu oh vshfwuh gh Zdww/ lo dssdudñw tx*lo idxw vwdwlvwltxhphqw 6 glxvlrqv vxssoì0
phqwdluhv srxu wkhupdolvhu ohv qhxwurqv gh vvlrq/ lvvxv gx vshfwuh gh Zdww suìfìghpphqw
gìql/ sdu udssruw dx{ qhxwurqv gh 6 PhY1 Fhfl hvw frpsuìkhqvleoh ã od yxh gh od glvwul0
exwlrq hq ìqhujlh ghv qhxwurqv gx vshfwuh gh vvlrq gh Zdww vlpxoì +Fi1 vshfwuh suìvhqwì
vxu od jxuh :14,1
:1518 Gxuìh gh ylh g*xq qhxwurq gdqv fh w|sh gh vflqwloodwhxu
grsì
Fh frgh gh fdofxo shuphw ìjdohphqw gh uìdolvhu ghv ìwxghv whpsruhoohv gh o*lqwhudfwlrq
ghv qhxwurqv dyhf od pdwlëuh1 Dlqvl/ oh whpsv txh phw xq qhxwurq srxu íwuh wkhupdolvì hw
fdswxuì d sx íwuh hvwlpì sdu vlpxodwlrq1
Ohv uìvxowdwv frqfhuqdqw od wkhupdolvdwlrq vrqw uhsuìvhqwìv vxu od jxuh :1;1 Lo dssdudñw
tx*hq txhotxhv gl}dlqhv gh qv oh qhxwurq d shugx o*hvvhqwlho gh vrq ìqhujlh1 Gëv oruv/ od
ylwhvvh gx qhxwurq vh uìgxlw ã 54<3 p1v  
!
+ylwhvvh g*xq qhxwurq srxu xqh ìqhujlh gh
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58 phY,1 Oh qhxwurq phw doruv xq fhuwdlq whpsv dydqw gh srxyrlu íwuh fdswxuì sdu xq
qr|dx gh Eruh 431 F*hvw fh txl shxw íwuh revhuyì vxu od jxuh :1<1
Lo idxw qrwhu txh od gxuìh gh ylh gx qhxwurq/ grqf oh whpsv tx*lo idxw srxu tx*lo vrlw
fdswxuì/ gìshqg gluhfwhphqw gh od ghqvlwì gh qr|dx gh Eruh 43 suìvhqw1 Hq o*rffxuuhqfh
gdqv oh fdguh gh fhwwh ìwxgh/ oh fkdujhphqw gx vflqwloodwhxu sodvwltxh hq Eruh 43 hvw gh
4 ( hq pdvvh1 Ohv dxwhxuv/ frpph Gudnh ^Gudnh ;9`/ rqw prqwuì txh frpswh whqx gh
fh fkdujhphqw hq Eruh 43 gx vflqwloodwhxu sodvwltxh grsì/ od gxuìh gh ylh wkìrultxh g*xq
qhxwurq hvw gh 5/:7 >v +Fi1 ìtxdwlrq :19 rü   !"# hvw oh qrpeuh gh qr|dx{ fleoh gh Eruh 43
sdu xqlwì gh yroxph/ j hvw od vhfwlrq h!fdfh gh fdswxuh hw T hvw od ylwhvvh gx qhxwurq,1
 '

 $ % # jT
+:19,
Hq hhw/ od glvwdqfh pr|hqqh txh grlw sdufrxulu xq qhxwurq wkhupdolvì srxu uhqfrqwuhu
xq qr|dx gh Eruh 43 gìshqg gluhfwhphqw gh od ghqvlwì hq qr|dx{ gh Eruh 43 frqwhqx gdqv
oh pdwìuldx fdu vd ylwhvvh qh ydulh suhvtxh sdv hw fruuhvsrqg ã fhooh gh o*ìqhujlh wkhupltxh1

































t=0 à l'émission du neutron
Temps de thermalisation d’un neutron de 1 MeV
dans un scintillateur plastique dopé au bore
Ilj1 :1;= Whpsv qìfhvvdluh srxu tx*xq qhxwurq sdvvh g*xqh ìqhujlh gh 4 PhY ã xqh ìqhujlh
gh 58 phY gdqv xq vflqwloodwhxu sodvwltxh grsì dx eruh
Dx erxw gh 7 >v/ o*hvvhqwlho ghv qhxwurqv gh 4 PhY rqw ìwì wkhupdolvìv hw fdswxuìv sdu xq
qr|dx gh Eruh 431
Srxu ohv jxuhv :1; hw :1</ od vrpph ghv suredelolwìv/ f*hvw ã gluh o*dluh vrxv od frxueh/
hvw ìjdoh ã o*xqlwì1
Od gxuìh gh ylh g*xq qhxwurq udslgh sìqìwudqw gdqv xq vflqwloodwhxu sodvwltxh grsì dx
Eruh qh gìsdvvh sdv txhotxhv >v fh txl hvw qhwwhphqw prlqv txh srxu xq glvsrvlwli xwlolvdqw
xqh vìulh gh gìwhfwhxuv ã Kìolxp 6 qr|ìv gdqv xqh vwuxfwxuh hq sro|ìwk|oëqh/ sxlvtxh
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w|sltxhphqw od gxuìh gh ylh gx qhxwurq hvw hvwlpìh hqwuh 93 >v hw 453 >v srxu fh w|sh
gh glvsrvlwliv gh gìwhfwlrq ^Gudnh ;9`1 Oh gìwhfwhxu lqwhuylhqw gdqv fh whpsv pruw pdlv
o*ìohfwurqltxh gh plvh hq rhxyuh suhqg xqh sduw lpsruwdqwh ìjdohphqw gdqv fhwwh gxuìh
gh ylh1 Ru o*ìohfwurqltxh gh plvh hq rhxyuh q*d sdv ìwì vlpxoìh sdu fh wudydlo frqfhuqdqw
ohv vflqwloodwhxuv1













Temps de capture des neutrons thermiques par les




















Ilj1 :1<= Gxuìh g*xqh fdswxuh g*xq qhxwurq gh 4 PhY gdqv xq vflqwloodwhxu sodvwltxh grsì
dx eruh
Oh fkurqrjudpph vxu od jxuh :143 suìvhqwh vfkìpdwltxhphqw o*hqfkdñqhphqw ghv
ìyëqhphqwv txh vxelw xq qhxwurq udslgh sìqìwudqw gdqv xq vflqwloodwhxu sodvwltxh grsì
dx Eruh hw whuplqdqw vrq klvwrluh hq ìwdqw fdswxuì sdu xq qr|dx gh Eruh 431 Vhxohv ohv
suhplëuhv froolvlrqv gh wkhupdolvdwlrq jìqëuhqw vx!vdpphqw gh vljqdo srxu íwuh sulvhv hq
frpswh sdu od fkdñqh gh phvxuh/ f*hvw fh txl fruuhvsrqg dx slf dsshoì wkhupdolvdwlrq vxu
od jxuh :1431 Oh whpsv txl vìsduh o*lpsxovlrq gh wkhupdolvdwlrq gh fhoxl txl fruuhvsrqg ã
od fdswxuh gx qhxwurq hvw xqh grqqìh vwdwlvwltxh1 Lo uhsuìvhqwh oh whpsv plv sdu oh qhxwurq
srxu qlu gh shuguh vrq ìqhujlh sdu froolvlrqv +q/s, ìodvwltxhv txl qh jìqëuhqw sdv dvvh}
gh skrwrqv gh vflqwloodwlrq srxu txh oh vljqdo vrlw h{sorlwdeoh1 Lo frpsuhqg ìjdohphqw oh
whpsv qìfhvvdluh srxu txh oh qhxwurq/ xqh irlv wkhupdolvì/ vrlw fdswxuì sdu xq qr|dx gh
Eruh 431 Oh skìqrpëqh píph gh wkhupdolvdwlrq hvw uìjl sdu ohv orlv vwdwlvwltxhv hw gìshqg
ìjdohphqw gh o*ìqhujlh gx qhxwurq lqflghqw1 Hq hhw/ soxv o*ìqhujlh gx qhxwurq hvw idleoh
soxv od suredelolwì tx*lo vrlw fdswxuì dxjphqwh +Fi1 frxueh gh vhfwlrq h!fdfh gh uìdfwlrq
+q/k, ghv qhxwurqv vxu ghv qr|dx{ gh Eruh 43,1
:1519 H!fdflwì joredoh gh gìwhfwlrq
Dq gh frpsduhu ohv h!fdflwìv gh gìwhfwlrq ghv vflqwloodwhxuv sodvwltxhv grsìv dx
Eruh ã fhoohv ghv vwuxfwxuhv xwlolvdqw ghv gìwhfwhxuv ã Kìolxp 6/ xqh ìwxgh frpsdudwlyh
d ìwì frqgxlwh vxu o*dwholhu D1F1F1 +Dwholhu gh Frpsdfwdjhv ghv Frtxhv hw hperxwv, gh
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(n,n) (n, )α
Ilj1 :143= Fkurqrjudpph gh o*klvwrluh g*xq qhxwurq gdqv xq vflqwloodwhxu sodvwltxh grsì
dx Eruh
FRJHPD od Kdjxh1 Od jìrpìwulh dgrswìh hvw od píph srxu ohv ghx{ w|shv gh gìwhfwhxuv/
hooh hvw suìvhqwìh vxu od jxuh :1441 Hq idlw/ vhxo oh pdwìuldx gh gìwhfwlrq d ìwì prglì1
Hq olhx hw sodfh gh o*Kìolxp 6 gdqv ohv vwuxfwxuhv gìwhfwulfhv/ oh vflqwloodwhxu sodvwltxh/
grsì ã 8 ( hq pdvvh gh Eruh qdwxuho d ìwì vlpxoì1
Od fhooxoh gh phvxuh hvw frqvwlwxìh gh 6 eorfv gh ;5 gìwhfwhxuv lqvwdooìv hq txlqfrqfh vxu
ghx{ udqjìhv1 O*remhfwli hvw gh frxyulu o*dqjoh vrolgh pd{lpdo dq g*dyrlu xqh h!fdflwì gh
gìwhfwlrq ghv qhxwurqv wkhupltxhv od soxv lpsruwdqwh srvvleoh1 Dlqvl/ oh glphqvlrqqhphqw
ghv ìsdlvvhxuv gh sro|ìwk|oëqh hvw who txh od pdmrulwì ghv qhxwurqv sìqìwudqw gdqv oh
glvsrvlwli vrlw wkhupdolvìh dx qlyhdx ghv gìwhfwhxuv ã Kìolxp 61 Gh soxv/ xqh ìsdlvvhxu
vxssoìphqwdluh gh sro|ìwk|oëqh d ìwì sodfìh ghuulëuh ohv gìwhfwhxuv ã Kìolxp 6 dq gh vhuylu
gh uì hfwhxu +doeìgr, dx{ qhxwurqv txl vhudlhqw sdvvìv xqh suhplëuh irlv vdqv lqwhudjlu
dx wudyhuv ghv ghx{ udqjìhv gh gìwhfwhxuv fdu q*ìwdqw sdv vx!vdpphqw wkhupdolvìv1 Fh
glvsrvlwli shuphw dlqvl g*dpìolruhu o*h!fdflwì gh gìwhfwlrq/ hq dxjphqwdqw od suredelolwì
g*lqwhudfwlrq ghv qhxwurqv dyhf ohv gìwhfwhxuv1
Ohv uìvxowdwv vrqw suìvhqwv srxu ohv wurlv eorfv gh gìwhfwhxuv vxu od jxuh :1451 Od
iruph hq duf gh fhufoh gh o*h!fdflwì gh gìwhfwlrq surylhqw gx idlw txh oh iþw gh gìfkhwv
gdqv ohtxho od vrxufh gh qhxwurqv xqlirupìphqw uìsduwlh hvw vlpxoìh hvw prlqv orqj txh ohv
gìwhfwhxuv1 Od shuwh gh frpswdjh surylhqw grqf g*xq hhw sxuhphqw jìrpìwultxh1 Gdqv
fh fdv/ o*h!fdflwì gh gìwhfwlrq hvw pd{lpdoh srxu ohv gìwhfwhxuv vlwxìv dx fhqwuh gx eorf1
Gdqv oh fdv rü vhxov ghv vflqwloodwhxuv sodvwltxhv grsìv dx Eruh vhudlhqw xwlolvìv/ o*h!0
fdflwì joredoh gh gìwhfwlrq ghv qhxwurqv wkhupltxhv hvw doruv dpìolruìh sdu xq idfwhxu 433
srxu od suhplëuh udqjìh gh gìwhfwhxu hw 43 srxu od vhfrqgh udqjìh sdu udssruw dx píph
glvsrvlwli xwlolvdqw ghv gìwhfwhxuv ã edvh g*Kìolxp 61 Oh skìqrpëqh gh fuhxvhphqw gh  x{
dssdudñw ìjdohphqw wuëv qhwwhphqw oruv gh fhwwh ìwxgh1 Lo hvw soxv lpsruwdqw srxu ohv vflq0
wloodwhxuv txh srxu ohv gìwhfwhxuv ã jd} ã Kìolxp 6 hq udlvrq gh od soxv judqgh rsdflwì ylv
ã ylv ghv qhxwurqv wkhupltxhv grqw glvsrvhqw ohv vflqwloodwhxuv sodvwltxhv grsìv dx Eruh
sdu udssruw dx{ gìwhfwhxuv xwlolvdqw o*Kìolxp 61
Gdqv oh fdguh gh fhwwh ìwxgh/ vhxoh od vhqvlelolwì dx{ qhxwurqv wkhupltxhv d ìwì vlpxoìh1
44;
:151 VLPXODWLRQ QHXWURQLTXH Ã O*DLGH GH PFQS
Ilj1 :144= Jìrpìwulh gx glvsrvlwli gh gìwhfwlrq gh o*D1F1F1 vlpxoìh sdu PFQS
Od srvvlelolwì gh gìwhfwlrq ghv qhxwurqv udslghv sdu ohv vflqwloodwhxuv sodvwltxhv q*d sdv
ìwì sulvh hq frpswh1
Xqh udslgh frpsdudlvrq hqwuh ohv gìwhfwhxuv ã Kìolxp 6 hw ohv vflqwloodwhxuv sodvwltxhv
grsì dx Eruh shuphw vxu oh wdeohdx :15 gh frqvwdwhu txh o*rsdflwì dx{ qhxwurqv wkhupltxhv
hvw phloohxuh srxu ohv vflqwloodwhxuv txh srxu ohv gìwhfwhxuv ã edvh g*Kìolxp 61
Kìolxp 6 Vflqwloodwhxu grsì dx Eruh
Vhfwlrq h!fdfh gh fdswxuh 8733 eduq 6;33 eduqv






Rsdflwì srxu 4 fp g*ìsdlvvhxu 65 ( ;; (
Rsdflwì srxu 9/8 fp g*ìsdlvvhxu <4/67 ( <</<< (
Wdeohdx :15= H!fdflwì gh gìwhfwlrq ghv qhxwurqv wkhupltxhv srxu ohv gìwhfwhxuv ã edvh gh
vflqwloodwhxuv sodvwltxhv grsìv dx Eruh hw ohv gìwhfwhxuv ã edvh g*Kìolxp 6
Fh wdeohdx mxvwlh grqf o*dsshoodwlrq gh Eodfn Qhxwurq Ghwhfwru srxu fhv gìwhfwhxuv/
sxlvtxh <</<< ( ghv qhxwurqv sìqìwudqw gdqv fh vflqwloodwhxu qh uhvvruwhqw sdv gx gìwhf0
whxu1 Fhv uìvxowdwv rqw ìwì rewhqxv srxu xq gìwhfwhxu ã Kìolxp 6 jrq ìv ã 7 eduv hw xq
grsdjh gx vflqwloodwhxu sodvwltxh hq Eruh 43 gh 4 ( hq pdvvh sdu udssruw dx sro|vw|uëqh1
Hq frqfoxvlrq/ ohv vlpxodwlrqv qhxwurqltxhv juåfh dx frgh PFQS rqw shuplv g*rs0
wlplvhu oh gldpëwuh ghv gìwhfwhxuv srxu txh od pdmrulwì ghv qhxwurqv lqflghqwv +grqw oh
vshfwuh hq ìqhujlh hvw frqqxh, vrlw wkhupdolvìh hw grqf qdohphqw fdswxuìh sdu xq qr|dx
gh Eruh 431 O*h!fdflwì gh gìwhfwlrq ghv qhxwurqv wkhupltxhv hvw soxv lpsruwdqwh srxu
44<
FKDSLWUH :1 PRGÌOLVDWLRQ GH OD UÌSRQVH
QHXWURQLTXH HW OXPLQHXVH




















































Ilj1 :145= Frpsdudlvrq gh o*h!fdflwì gh gìwhfwlrq srxu ghv vflqwloodwhxuv grsìv dx eruh
hw ghv gìwhfwhxuv ã edvh g*Kìolxp 6 plv hq rhxyuh gdqv o*D1F1F1
ohv vflqwloodwhxuv sodvwltxhv grsìv dx Eruh txh srxu ohv gìwhfwhxuv ã jd} ã edvh g*Kìolxp
61 Hq dxjphqwdqw o*h!fdflwì gh gìwhfwlrq ghv qhxwurqv/ od vhqvlelolwì ylv ã ylv gx ud|rq0
qhphqw jdppd hvw ìjdohphqw iruwhphqw lqwhqvlìh +Fi1 fkdslwuh ; vxu ohv pìwkrghv gh
glvfulplqdwlrq hqwuh ohv qhxwurqv hw ohv jdppd,1
G*dsuëv ohv vlpxodwlrqv hhfwxìhv/ ohv grpdlqhv g*dssolfdwlrq yhuv ohvtxhov v*rulhqwhqw
ohv xwlolvdwlrqv gh fh w|sh gh gìwhfwhxu vrqw fhx{ ghv idleohv dfwlylwìv wdqw qhxwurqltxhv txh
jdppd1 O*h{sorlwdwlrq gh od grxeoh lqwhudfwlrq +wkhupdolvdwlrq hw fdswxuh, ghv qhxwurqv
dx vhlq gx plolhx vflqwloodqw shuphw ìjdohphqw g*hqylvdjhu xqh xwlolvdwlrq hq wdqw txh
vshfwurpëwuh ã qhxwurqv udslghv +Fi1 fkdslwuh < vxu ohv dssolfdwlrqv hqylvdjhdeohv srxu fh
w|sh gh gìwhfwhxu,1
:16 Vlpxodwlrq gh od surgxfwlrq hw gh od sursdjdwlrq
gh od oxplëuh
:1614 Suìvhqwdwlrq gx frgh gh fdofxo
Fh frgh gh fdofxo d ìwì gìyhorssì srxu ghv h{sìulhqfhv gx FHUQ phwwdqw hq mhx{ ghv
phvxuhv gh whpsv gh yrov xwlolvdqw ghv vflqwloodwhxuv sodvwltxhv gh w|sh QH435 srxu ghv
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:161 VLPXODWLRQ GH OD SURGXFWLRQ HW GH OD
SURSDJDWLRQ GH OD OXPLËUH
Slrqv gh 4 Jhy2f g*lpsxovlrq ^\dqj <8`1 Lo vh qrpph VWrI/ dfurq|ph gh Vlpxodwlrq ri
Wlph ri Ioljkw1 Lo shuphw gh idluh xqh ìwxgh gx whpsv gh yro hw gh o*dqdo|vh vshfwudoh hq
fkdujh srxu ghv lqwhudfwlrqv hqwuh ohv Slrqv hw od pdwlëuh1
Fh frgh jìqëuh ohv skrwrqv ã sduwlu gh o*lqwhudfwlrq hqwuh oh ud|rqqhphqw lqflghqw hw od
pdwlëuh1 Fhshqgdqw od jdpph g*ìqhujlh srxu odtxhooh lo d ìwì gìyhorssì shuphw gh frqvl0
gìuhu ohv sduwlfxohv dx plqlpxp g*lrqlvdwlrq1 Hq hhw/ hoohv wudyhuvhqw wrxwhv oh gìwhfwhxu
frpswh whqx gh ohxu iruwh lpsxovlrq1 D sduwlu gh fhwwh lqirupdwlrq vxu oh gìs÷w g*ìqhujlh
+yld od irupxoh gh Ehwkh, lo hvw doruv srvvleoh g*rewhqlu oh qrpeuh gh skrwrqv jìqìuìv1
Oh qrpeuh gh skrwrqv gìshqg doruv gluhfwhphqw gh o*ìqhujlh gh od sduwlfxoh1 G*dloohxuv/
frpph fhv sduwlfxohv vrqw dx plqlpxp g*lrqlvdwlrq/ ohv sdudpëwuhv gh oxplqhvfhqfh gx
vflqwloodwhxu vrqw ohv píphv txhooh txh vrlw od sduwlfxoh frqvlgìuìh1 Gh soxv/ o*ìplvvlrq ghv
skrwrqv hvw uìdolvìh wrxw dx orqj gh od wudmhfwrluh gdqv od pdwlëuh gh od sduwlfxoh1
Od orqjxhxu g*rqgh ghv skrwrqv gh vflqwloodwlrq jìqìuìv hvw rewhqxh hq hhfwxdqw xq
wludjh gh w|sh Prqwh Fduor vxu xq vshfwuh gh  xruhvfhqfh gh w|sh jdxvvlhq +fhqwuì vxu
758 qp srxu fh txl frqfhuqh qrv vlpxodwlrqv, fdudfwìulvdqw dlqvl o*ìplvvlrq gh oxplëuh gx
vflqwloodwhxu vlpxoì1 Od srodulvdwlrq ghv skrwrqv hvw ìjdohphqw uìdolvìh sdu wludjh doìdwrluh1
Fkdfxq gh fhv skrwrqv rewhqxv hvw doruv vxlyl sdu oh frgh gh fdofxo mxvtx*ã fh tx*lo vrlw =
E uì ìfkl vxu xqh lqwhuidfh vflqwloodwhxu 0 plolhx h{wìulhxu1 Oh frgh gh fdofxo wlhqw
frpswh doruv gh =
 od srodulvdwlrq gx skrwrq/
 od glìuhqfh g*lqglfh ghv plolhx{/
E devrueì sdu oh pdwìuldx/
E devrueì sdu od skrwrfdwkrgh gx skrwrpxowlsolfdwhxu1
Hq fdv g*devruswlrq sdu od skrwrfdwkrgh/ oh frgh gh fdofxo wlhqw frpswh gx uhqghphqw
txdqwltxh gh od skrwrfdwkrgh1 D sduwlu gh fhwwh grqqìh/ oh frgh fdofxoh oh qrpeuh gh
fkdujh glvsrqleoh vxu o*dqrgh gx skrwrpxowlsolfdwhxu hq whqdqw frpswh gx jdlq gx skr0
wrpxowlsolfdwhxu1 Hq frqvlgìudqw od frqvwdqwh UF gx srqw glylvhxu hw od fkdujh dssoltxìh
ã o*dqrgh/ oh frgh hq gìgxlw oh w|sh g*lpsxovlrq suìvhqwh ã o*dqrgh1 Gh soxv/ frqqdlvvdqw
od fkdujh suìvhqwh dx{ eruqhv gh o*dqrgh/ oh frgh ìfulw gdqv xq fklhu wrxv ohv ìyëqhphqwv
frgìv vxu xqh ìfkhooh judgxìh hq fdqdx{ rü fkdtxh fdqdo fruuhvsrqg ã xqh fkdujh1
Gh o*hqvhpeoh ghv lqirupdwlrqv suìfìghqwhv/ lo hvw doruv srvvleoh g*rewhqlu xq vshfwuh hq
fkdujh fruuhvsrqgdqw ã o*lqwhudfwlrq ghv lrqv dyhf oh pdwìuldx vflqwloodqw1 F*hvw fh vshfwuh
hq fkdujh txl shxw íwuh ìwxglì dq g*revhuyhu hw g*dqdo|vhu od uìsrqvh gx vflqwloodwhxu
vrxplv ã xq idlvfhdx sduwlfxolhu g*lrqv1
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FKDSLWUH :1 PRGÌOLVDWLRQ GH OD UÌSRQVH
QHXWURQLTXH HW OXPLQHXVH
:1615 Prglfdwlrqv dssruwìhv ã fh frgh gh fdofxo
Oh grpdlqh ìqhujìwltxh hw oh w|sh gh sduwlfxoh dx{txhov fhwwh ìwxgh v*hvw lqwìuhvvìh
vrqw glìuhqwv gh fhx{ suìyxv lqlwldohphqw sdu ohv frqfhswhxuv gx frgh VWrI1 Lo d grqf
idoox dgdswhu fhuwdlqhv sduwlhv gx frgh gh fdofxo srxu tx*lo wlhqqh frpswh ghv lrqv txh
jìqëuh o*lqwhudfwlrq ghv qhxwurqv dyhf od pdwlëuh1 Ohv sdudpëwuhv gh oxplqhvfhqfh phvxuìv
oruv gx fkdslwuh 9 rqw ìjdohphqw ìwì lqfrusruìv gdqv oh frgh dq gh uhqguh frpswh oh soxv
gëohphqw srvvleoh gx frpsruwhphqw gh surgxfwlrq gh oxplëuh ghv vflqwloodwhxuv sodvwltxhv
grsìv dx Eruh1
Ohv ghx{ sduwlhv surirqgìphqw uhpdqlìhv frqfhuqhqw =
4 0 Ohv fklhuv SWUDF jìqìuìv sdu PFQS grlyhqw íwuh uhqgxv olvleoh hq hqwuìh gx
frgh gh fdofxo VWrI1 Od sduwlh shuwlqhqwh gh od vwuxfwxuh ghv fklhuv SWUDF hvw od
vxlydqwh =
 srvlwlrq +{/|/},/
 frvlqxv ghv yhfwhxuv gluhfwhxuv gx qhxwurq dsuëv lqwhudfwlrq/
 ìqhujlh dydqw hw dsuëv lqwhudfwlrq/ w|sh g*lqwhudfwlrq +ìodvwltxh/ uìdfwlrq qx0
foìdluh,/
 w|sh gh qr|dx froolvlrqqì/
 gxuìh gh o*lqwhudfwlrq1
5 0 Ohv grpdlqhv g*ìqhujlhv ghv lrqv vrqw glìuhqwv1 Lo idxw grqf lpsoìphqwhu ohv fr0
h!flhqwv gh Elunv hw od orl gh Elunv txl shuphwwhqw/ hq irqfwlrq gh o*ìqhujlh hw gx
w|sh g*lrq jìqìuì gh frqqdñwuh oh qrpeuh gh skrwrqv txh oh frgh grlw jìqìuhu1 Ohv
lrqv jìqìuìv sdu o*lqwhudfwlrq qhxwurqltxh qh vruwhqw sdv gx vflqwloodwhxu hq udlvrq
gh ohxu sdufrxuv gdqv od pdwlëuh txl qh gìsdvvh sdv txhotxhv gl}dlqhv gh >p1
Xqh sduwlh g*lqwhuidêdjh d ìwì uìdolvìh dq gh uhsuhqguh ohv lqirupdwlrqv hq suryhqdqfh
gx fklhu jìqìuì sdu od fduwh uìvxowdw SWUDF ìplvh sdu oh frgh gh fdofxo PFQS hw gh
ohv wudqviruphu hq lqirupdwlrqv vhuydqw gh edvh srxu od jìqìudwlrq hw od sursdjdwlrq gh
od oxplëuh gdqv oh vflqwloodwhxu1
Ohv grqqìhv frqfhuqdqw ohv surwrqv/ ohv lrqv doskd hw Olwklxp +hq o*devhqfh gh grqqìhv/
fh vrqw fhoohv ghv doskd txl rqw ìwì uì0xwlolvìhv, rqw ìwì lqwìjuìhv ã sduwlu ghv uìvxowdwv
suìvhqwìv oruv gx fkdslwuh 91
Oh frgh gh fdofxo gìyhorssì dx frxuv gh fh wudydlo qh suhqg sdv hq frpswh ohv lq0
whudfwlrqv hqwuh ohv qhxwurqv udslghv hw ohv fduerqhv1 Hq hhw/ lo d ìwì prqwuì sdu Gurjv
^Gurvj ;3` txh od frqwulexwlrq ã od surgxfwlrq gh oxplëuh ghv lrqv Fduerqh gh uhfxo txl
vrqw surgxlwv oruv ghv fkrfv dyhf ohv qhxwurqv udslghv hvw qìjoljhdeoh sdu udssruw dx{
dxwuhv frqwulexwlrqv gxhv sdu h{hpsoh dx{ surwrqv rx dx{ doskd1 Hq hhw/ oruv g*xqh fro0
olvlrq ìodvwltxh/ o*ìqhujlh pd{lpdoh wudqvplvvleoh sdu oh qhxwurq ã xq qr|dx gh Fduerqh
qh uhsuìvhqwh txh 5; ( gh o*ìqhujlh lqlwldoh/ doruv tx*hooh hvw gh 433 ( gdqv oh fdv g*xq
fkrf iurqwdo dyhf xq qr|dx g*K|gurjëqh ^Nqroo ;<`1
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:161 VLPXODWLRQ GH OD SURGXFWLRQ HW GH OD
SURSDJDWLRQ GH OD OXPLËUH
:1616 Lq xhqfh gh od jìrpìwulh vxu od froohfwh ghv skrwrqv
Fh frgh shxw ìjdohphqw íwuh xwlolvì vhxo1 Gdqv fh fdv ohv lrqv vrqw jìqìuìv hq lqwhuqh
sdu oh frgh gh fdofxo oxl0píph1 Od srvlwlrq g*ìplvvlrq/ o*ìqhujlh hw oh w|sh g*lrqv vrqw
doruv gìqlv sdu o*xwlolvdwhxu1 Dlqvl/ o*xwlolvdwlrq gx frgh hq prgh sursdjdwlrq gh oxplëuh
vhxo shuphw g*dqdo|vhu o*lq xhqfh gh od jìrpìwulh gx vflqwloodwhxu vxu ohv sursulìwìv gh
froohfwlrq gh oxplëuh gdqv oh vflqwloodwhxu1
Fh frgh qh suhqg sdv hq frpswh ohv uhyíwhphqwv ìyhqwxhoohphqw suìvhqwv ã od vxuidfh
gx vflqwloodwhxu1 Lo frqvlgëuh tx*lo | d wrxmrxuv xqh uì h{lrq gh w|sh vsìfxodluh rx xqh
wudqvplvvlrq gx skrwrq yhuv o*h{wìulhxu hq whqdqw frpswh ghv sursulìwìv gh uìiudfwlrq gh
od oxplëuh sdu ohv pdwìuldx{ hw oh plolhx h{wìulhxu +glìuhqfh g*lqglfh gh uìiudfwlrq,1 Gdqv
fh ghuqlhu fdv/ wrxw skrwrq vruwdqw gx vflqwloodwhxu hvw frqvlgìuì frpph shugx1
Od jxuh :147 prqwuh txh oh olhx g*ìplvvlrq gx skrwrq hvw lpsruwdqw vxu o*h!fdflwì
gh froohfwlrq gh od oxplëuh sdu od skrwrfdwkrgh gx skrwrpxowlsolfdwhxu1
Ilj1 :146= Glvsrvlwlrq ghv skrwrpxowlsolfdwhxuv hw gx vflqwloodwhxu vlpxoìh sdu oh frgh gh
fdofxo VWrI
Od jìrpìwulh dgrswìh srxu fhwwh vlpxodwlrq hvw suìvhqwìh vxu od jxuh :1461 Xq skrwr0
pxowlsolfdwhxu d ìwì vlpxoì dx{ ghx{ h{wuìplwìv gx f|olqguh1 Oh frgh gh fdofxo shuphw gh
glvwlqjxhu ohv uìsrqvhv suryhqdqw g*xq skrwrpxowlsolfdwhxu sdu udssruw ã o*dxwuh1 Vhxo xq
txduw gx vflqwloodwhxu hvw uhsuìvhqwì vxu od jxuh :1471 Hq hhw/ sdu v|pìwulh gh uìyroxwlrq/
lo hvw srvvleoh g*hq gìgxluh o*hqvhpeoh ghv uìvxowdwv srxu wrxw oh yroxph gx vflqwloodwhxu1
Od jxuh :146 suìvhqwh od frqjxudwlrq uhwhqxh srxu od vlpxodwlrq sdu oh frgh gh fdofxo1
D od yxh ghv uìvxowdwv suìvhqwìv vxu od jxuh :147/ lo dssdudñw fodluhphqw txh ohv
skrwrqv rqw g*dxwdqw soxv gh fkdqfh g*duulyhu vxu od skrwrfdwkrgh tx*lov vrqw ìplv orlq
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Abscisse x zéro par rapport au centre du cylindre
Ilj1 :147= Lq xhqfh gx olhx gh jìqìudwlrq ghv skrwrqv vxu ohxu suredelolwì gh froohfwh dx
qlyhdx gh od skrwrfdwkrgh1
gh o*d{h gh v|pìwulh gh uìyroxwlrq gx vflqwloodwhxu +grqf surfkh gh o*lqwhuidfh hqwuh oh
vflqwloodwhxu hw oh plolhx h{wìulhxu, hw tx*lov vrqw ìplv ã sur{lplwì gh od skrwrfdwkrgh1 Hq
hhw/ o*dqjoh vhorq ohtxho ohv skrwrqv gh vflqwloodwlrq vrqw ìplv hvw g*dxwdqw soxv idyrudeoh
ã xqh uì h{lrq wrwdoh tx*lov vrqw ìplv ã sur{lplwì gh o*lqwhuidfh vflqwloodwhxu 0 dlu1 Vxu fhwwh
jxuh/ oh skrwrpxowlsolfdwhxu hvw vlwxì ã }@:/8 fp gx fhqwuh gx f|olqguh1 Grqf oh uìvxowdw
gìfulw suìfìghpphqw hvw ydodeoh srxu xq } judqg hw { judqg1 Fhwwh vlpxodwlrq qh wlhqw
sdv frpswh g*xq ìyhqwxho uhyíwhphqw suìvhqw ã od vxuidfh gx vflqwloodwhxu/ f*hvw srxutxrl/
od txdqwlwì gh skrwrqv froohfwìh sdu oh skrwrpxowlsolfdwhxu q*hvw sdv ìjdoh ã 433 (/ vxu
o*d{h yhuwlfdo1
:1617 Jìqìudwlrq gh skrwrqv srxu ghv doskd hw ghv surwrqv
Oh frgh gh fdofxo shuphw gh vìohfwlrqqhu od srvlwlrq gh o*ìplvvlrq gh od sduwlfxoh1 Ohv
jxuhv :148 hw :149 suìvhqwhqw ohv uìvxowdwv gx frgh gh fdofxo srxu ghv lrqv +surwrq hw
doskd, wrxv vlpxoìv frpph ìwdqw ìplv ã sduwlu gh od srvlwlrq +3/3/3, +grqf dx fhqwuh
gx vflqwloodwhxu, srxu xqh ìqhujlh yduldqw gh 833 nhY ã 6 PhY1 Oh vshfwuh gh fkdujh
suìvhqwh xq slf txl fruuhvsrqg dx{ lrqv dlqvl vlpxoìv1 Oh idlw gh ohv sodfhu dx fhqwuh
gx vflqwloodwhxu shuphw dx{ ghx{ skrwrpxowlsolfdwhxuv gh uhfhyrlu h{dfwhphqw od píph
txdqwlwì gh skrwrqv sxlvtxh o*ìplvvlrq gh oxplëuh hvw lvrwursh1 Ohv uìvxowdwv srxu ohv ghx{
skrwrpxowlsolfdwhxuv vrqw wrwdohphqw lghqwltxhv frpswh whqx gx idlw txh oh olhx g*ìplvvlrq
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:171 FRXSODJH GHV GHX[ FRGHV GH VLPXODWLRQ
gh od sduwlfxoh hvw fhqwuì sdu udssruw ã od jìrpìwulh gx vflqwloodwhxu1
Ilj1 :148= Vshfwuhv vlpxoìv sdu oh frgh gh fdofxo VWrI ghv fkdujhv jìqìuìhv dx qlyhdx gx
skrwrpxowlsolfdwhxu sdu ghv sduwlfxohv doskd gh glìuhqwhv ìqhujlhv1
Fhwwh vlpxodwlrq shuphw gh yìulhu oh idlw tx*xq doskd surgxlw xqh fkdujh qdoh/ hw grqf
xq qrpeuh gh skrwrqv gh vflqwloodwlrq/ soxv idleoh tx*xq surwrq/ srxu xqh píph ìqhujlh
hw xqh píph srvlwlrq g*lqwhudfwlrq1 Od glvwulexwlrq jdxvvlhqqh ghv fkdujhv v*h{soltxh sdu
ohv skìqrpëqhv gh glvshuvlrq ghv skrwrqv gh vflqwloodwlrq wdqw vxu ohv glìuhqwv sdufrxuv
rswltxhv hqylvdjhdeohv txh vxu ohxuv orqjxhxuv g*rqgh
 
hw grqf vxu o*h!fdflwì txdqwltxh
gh od skrwrfdwkrgh gx skrwrpxowlsolfdwhxu1
:17 Frxsodjh ghv ghx{ frghv gh vlpxodwlrq
:1714 Srxutxrl fh frxsodjh B
Oh frgh gh fdofxo PFQS hvw xq frgh gh wudqvsruw qhxwurqltxh1 Od jìqìudwlrq hw od
sursdjdwlrq ghv skrwrqv vrqw dvvxuìhv sdu VWrI1 Oh udffrughphqw hqwuh fhv ghx{ frghv
gh fdofxo v*hhfwxh sdu o*lqwhupìgldluh g*xq fklhu vsìfltxh jìqìuì sdu od fduwh uìvxowdw
!
Od orqjxhxu g*rqgh ghv skrwrqv gh vflqwloodwlrq hvw rewhqxh sdu wludjh Prqwh Fduor vxu xq vshfwuh
jdxvvlhq fhqwuì dxwrxu gh od orqjxhxu g*rqgh gh 758 qp1
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Ilj1 :149= Vshfwuhv vlpxoìv sdu oh frgh gh fdofxo VWrI ghv fkdujhv jìqìuìhv dx qlyhdx gx
skrwrpxowlsolfdwhxu sdu ghv surwrqv gh glìuhqwhv ìqhujlhv1
SWUDF gx frgh PFQS1 Fh fklhu hvw od pìprluh gh o*klvwrultxh gh od ylh g*xq qhxwurq
gdqv oh vflqwloodwhxu sodvwltxh grsì dx Eruh1
Vhxo Pduwlq ^Pduwlq ;4` v*hvw lqwìuhvvì ã od uìsrqvh qhxwurqltxh joredoh g*xq vflqwlood0
whxu qrq grsì1 Ru/ oh grsdjh lqwurgxlw xqh vhqvlelolwì vxssoìphqwdluh ylv ã ylv ghv qhxwurqv
wkhupltxhv hw grqf prglh qrwdeohphqw od uìsrqvh oxplqhxvh qdoh gx vflqwloodwhxu1
:1715 Gìpdufkh dgrswìh
Od uìsrqvh qhxwurqltxh gx vflqwloodwhxu hvw vlpxoìh sdu PFQS1 Ohv qhxwurqv vrqw
ìplv gh idêrq lvrwursh hq gluhfwlrq gx vflqwloodwhxu grqw od jìrpìwulh hvw od píph txh
fhooh xwlolvìh srxu od vlpxodwlrq VWrI +f|olqguh gh 48 fp gh orqj hw gh 7 fp gh gldpëwuh,1
O*rujdqljudpph suìvhqwh/ vxu od jxuh :14:/ oh v|qrswltxh gh irqfwlrqqhphqw gx frx0
sodjh hqwuh ohv ghx{ frghv gh fdofxo1 Ohv grqqìhv suryhqdqw gx frgh gh fdofxo PFQS vrqw
uhirupdwìhv srxu ohv uhqguh lqwhooljleohv sdu VWrI1 D fkdtxh lqwhudfwlrq qhxwurqltxh/ oh
frgh VWrI fkrlvlw ohv sdudpëwuhv dgdswìv gh od orl gh Elunv1
Od surgxfwlrq gh oxplëuh hvw doruv vlpxoìh1 Ohv skrwrqv gh vlpxodwlrq vrqw frqvlgìuìv
frpph ìwdqw surgxlwv dx olhx gh o*lqwhudfwlrq qhxwurqltxh1 Hq hhw/ ohv lrqv surgxlwv wdqw
sdu ohv skìqrpëqhv gh wkhupdolvdwlrq txh gh fdswxuh rqw xq sdufrxuv wuëv idleoh gdqv od
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- Position
- Type d’interaction Type d’ion
- Coefficients directeurs
- Énergie
Informations en provenance de MCNP
Que fait le photon ?
- Choix des coefficients de Birks en fonction de l’ion
- Génération du nombre de photons par la loi de Birks
- Position de départ = Position de l’ion
Tirage Monte Carlo sur la direction, la polarisation du photon
Nombre de photon = Nombre de photon - 1
Nombre
de photons > 0 ?
Oui
Non-Fin génération ntuple
- Passage à l’ion suivant
Absorption
Réflexion Détection
- Compteur de perte
- Nouvelles positions
- Angles
- Efficacité quantique de la photocathode
- Gain du photomultiplicateur
- Constante de charge RC
- Génération de la charge sur fichier ntuples
Nombre de photons = Nombre de photons -1
Ilj1 :14:= V|qrswltxh gx frxsodjh hqwuh oh frgh PFQS hw oh frgh gh fdofxo gh vflqwloodwlrq
VWrI1
pdwlëuh fdu lov vrqw iruwhphqw lrqlvdqwv +w|sltxhphqw lqiìulhxu ã 433 >p,1 Fkdtxh skrwrq
jìqìuì vh yrlw doruv dwwulexhu xqh orqjxhxu g*rqgh rewhqxh sdu wludjh Prqwh Fduor vxu xq
vshfwuh jdxvvlhq fhqwuì vxu od udlh sulqflsdoh g*ìplvvlrq gx vflqwloodwhxu/ ã vdyrlu 758 qp1
Vd gluhfwlrq hvw ìjdohphqw rewhqxh sdu wludjh Prqwh Fduor1 Fkdtxh skrwrq hvw doruv vxlyl
lqglylgxhoohphqw1 Dlqvl/ hq irqfwlrq gh o*devruswlrq gx pdwìuldx hw gx sdufrxuv gx skrwrq/
fhoxl0fl hvw vrlw devrueì vrlw uì ìfkl ã o*lqwhuidfh vflqwloodwhxu 0 dlu1 Oh surfhvvxv suìfìghqw
hvw uìlwìuì mxvtx*ã fh txh oh skrwrq glvsdudlvvh gdqv oh pdwìuldx sdu devruswlrq/ rx mxvtx*ã
fh tx*lo lqgxlvh xq hhw skrwrìohfwultxh vxu od skrwrfdwkrgh1 Oh frgh gh fdofxo wlhqw doruv
frpswh +hq irqfwlrq gh od orqjxhxu g*rqgh gx skrwrq lqflghqw, gh od frxueh gh uhqghphqw
txdqwltxh gh od skrwrfdwkrgh hw gx jdlq gx skrwrpxowlsolfdwhxu srxu jìqìuhu xqh fkdujh
txl hvw doruv vwrfnìh gdqv xq fklhu1
Frpph ã fkdtxh h{wuìplwì gx vflqwloodwhxu vh wurxyh xq skrwrpxowlsolfdwhxu/ oh sur0
45:
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H+PhY, 3/5 3/8 4 5 6 7 8 9
j+eduq, <19 9/8 7/8 6 6/6 4/< 4/9 4/64
Wdeohdx :16= Txhotxhv vhfwlrqv h!fdfhv gh glxvlrq ìodvwltxh ghv qhxwurqv vxu ohv surwrqv
hq irqfwlrq gh o*ìqhujlh ghv qhxwurqv lqflghqwv
eoëph hvw v|pìwultxh hw ghx{ fkdujhv vrqw jìqìuìhv srxu xqh lqwhudfwlrq qhxwurqltxh gdqv
oh vflqwloodwhxu/ fkdfxqh fruuhvsrqgdqw ã xq skrwrpxowlsolfdwhxu1
:1716 Uìvxowdwv gh od vlpxodwlrq joredoh gx vflqwloodwhxu
Wurlv w|shv gh vlpxodwlrq rqw ìwì uìdolvìv1
4 0 Od suhplëuh phw hq rhxyuh xq vflqwloodwhxu sodvwltxh qrq grsì1 Vhxohv ohv lqwhudfwlrqv
ìodvwltxhv +q/s, vrqw doruv sulvhv hq frpswh1 Lo q*dssdudñw dxfxq slf vxu od jxuh :14;/
fh txl hvw qrupdo frpswh whqx gh od glvwulexwlrq hq ìqhujlh ghv surwrqv gh uhfxov
jìqìuìv sdu ohv qhxwurqv udslghv vxu oh vflqwloodwhxuv sodvwltxhv qrq grsì1




 E ULtE +:1:,
Rü  hvw o*dqjoh txh idlw oh yhfwhxu ylwhvvh gx qhxwurq lqflghqw hw fhoxl gx qhxwurq
glxvì lppìgldwhphqw dsuëv oh fkrf1 Od suredelolwì srxu txh ohv surwrqv gh uhfxo


























Dlqvl/ lo dssdudñw txh od suredelolwì gh glxvlrq dxjphqwh dyhf od glplqxwlrq gh
o*ìqhujlh gx qhxwurq1 Dxwuhphqw glw/ ohv fkrfv ã idleoh ìqhujlh hqwudñqhqw ghv dqjohv
gh glxvlrq lpsruwdqwv1 D wlwuh lqirupdwli/ oh wdeohdx :16 grqqh o*ìyroxwlrq gh od
vhfwlrq h!fdfh gh glxvlrq ghv qhxwurqv vxu ohv surwrqv hq irqfwlrq gh ohxu ìqhujlh1
Vl o*ìqhujlh ghv qhxwurqv hvw lqiìulhxuh ã 5/8 nhY doruv od vhfwlrq h!fdfh j hvw txd0
vlphqw frqvwdqwh hw ìjdoh ã 53/7 eduqv1
Oh vshfwuh hq fkdujh revhuyì vxu od jxuh :14; qh suìvhqwh grqf dxfxq slf g*dsuëv
od glvwulexwlrq hq ìqhujlh suìvhqwìh suìfìghpphqw srxu ohv surwrqv gh uhfxo1 Od sur0
edelolwì g*dyrlu xqh fkdujh gh idleoh ydohxu hvw fhshqgdqw soxv lpsruwdqw txh fhooh
g*dyrlu xqh fkdujh gh iruwh ydohxu/ g*rü od iruph gìfurlvvdqwh gx vshfwuh1
45;
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Ilj1 :14;= Vshfwuh vlpxoì lvvx g*xq vflqwloodwhxu sodvwltxh qrq grsì luudglì sdu ghv qhxwurqv
udslghv
5 0 Od vhfrqgh phw hq rhxyuh ghv sduwlfxohv doskd jìqìuìhv dx fhqwuh gx vflqwloodwhxu
sodvwltxh grsì dx Eruh +Fi1 jxuh :14<,1 Lo dssdudñw xqh jdxvvlhqqh fruuhvsrqgdqw
ã o*lqwhudfwlrq ghv doskd dyhf oh plolhx1 Od ydohxu gh od fkdujh hvw grqqìh hq fdqdx{1
O*ìfkhooh hvw lfl ghx{ irlv soxv judqgh/ fh txl shuphw dx slf gh vruwlu dxwrxu gx fdqdo
56:/ doruv tx*lo vruw dxwrxu gx fdqdo 833 srxu ohv vlpxodwlrqv gìfulwhv dx ¢ :16171
Ilj1 :14<= Vshfwuh rewhqx srxu ghv doskd jìqìuìv dx fhqwuh gx vflqwloodwhxu1
6 0 Od wurlvlëph uhsuìvhqwh oh uìvxowdw gh o*lqwhudfwlrq qhxwurqltxh gdqv xq vflqwlood0
whxu sodvwltxh grsì dx Eruh hw od uìsrqvh oxplqhxvh dvvrflìh1 Hooh hvw suìvhqwìh vxu
od jxuh :1531 Ghx{ w|shv g*lqwhudfwlrq shxyhqw dyrlu olhx/ ã vdyrlu ghv glxvlrqv
ìodvwltxhv +q/s, hw ghv uìdfwlrqv gh fdswxuh +q/k,1 Oh slf fruuhvsrqgdqw dx{ fds0
wxuhv ghv qhxwurqv wkhupltxhv sdu ohv qr|dx{ gh Eruh 43 dssdudñw fodluhphqw1 Oh
45<
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skìqrpëqh g*dwwìqxdwlrq suryhqdqw ghv uì h{lrqv pxowlsohv vh uhwurxyh oruvtxh od
vlpxodwlrq suhqg hq frpswh ohv lqwhudfwlrqv +q/k, vxu oh Eruh 43 gx vflqwloodwhxu1 Od
shuwh g*ìqhujlh ghv lrqv doskd hw Olwklxp/ surgxlwv oruv ghv fdswxuhv qhxwurqltxhv/
vh uhwurxyh vrxv iruph gh skrwrqv gh vflqwloodwlrq1 Fhv skrwrqv vrqw ìplv gh idêrq
lvrwursh hw glvsrvhqw grqf gh soxvlhxuv fkhplqv rswltxhv srxu duulyhu vxu od skrwrfd0
wkrgh1 Lo dssdudñw doruv ghx{ ervvhv vxu oh vshfwuh fruuhvsrqgdqw dx{ ghx{ idploohv
gh fkhplqv rswltxhv txh ohv sdtxhwv gh skrwrqv rqw sx vxlyuh1 Ohv lrqv doskd hw
Olwklxp jìqìuìv sdu od fdswxuh qhxwurqltxh qh vrqw sdv ìplv ã od srvlwlrq +3/3/3,/
f*hvw ã gluh dx fhqwuh gx vflqwloodwhxu1 Lov vrqw/ dx frqwudluh/ ìplv gdqv wrxw oh yroxph
gx vflqwloodwhxu1 F*hvw fh txl h{soltxh od glìuhqfh hqwuh oh vshfwuh jdxvvlhq suìvhqwì
dx ¢ :1617 hw fhoxl0fl1
Ohv skrwrqv gh vflqwloodwlrq dlqvl ìplv glvsrvhqw gh joredohphqw ghx{ w|shv gh fkh0
plqv rswltxh1
 Oh suhplhu +4, fruuhvsrqg dx{ skrwrqv txl vrqw dooìv gluhfwhphqw vxu od skrwr0
fdwkrgh hw q*rqw sdv hhfwxì xqh vhxoh uì h{lrq1 Lov fruuhvsrqghqw grqf dx slf
oh soxv ã gurlwh gx vshfwuh1 Fhv sdtxhwv gh skrwrqv q*d|dqw sdv ìwì dwwìqxìv/
lov jìqëuhqw grqf xqh fkdujh soxv lpsruwdqwh dx qlyhdx gx skrwrpxowlsolfdwhxu
txh ohxuv krprorjxhv grqw oh fkhplq rswltxh hvw prlqv gluhfw1
 Oh vhfrqg +5, fruuhvsrqg dx{ jurxshv gh skrwrqv txl rqw gþ hhfwxhu xqh
rx soxvlhxuv uì h{lrqv dydqw g*lqwhudjlu dyhf od skrwrfdwkrgh1 Fhv sdtxhwv gh
skrwrqv vrqw grqf soxv dwwìqxìv txh fhx{ txl q*rqw sdv hhfwxì gh uì h{lrq1
Oh slf tx*lov jìqëuhqw hvw grqf vlwxì yhuv ghv fkdujhv soxv idleohv txh oh slf
ghv skrwrqv q*d|dqw hhfwxì dxfxqh uì h{lrq1 Gh soxv/ od glvshuvlrq hvw soxv
lpsruwdqwh/ oh slf hvw grqf soxv odujh1 Fhwwh srsxodwlrq gh sdtxhwv gh skrwrqv
hvw soxv lpsruwdqwh txh fhooh hhfwxdqw xq sdufrxuv oxplqhx{ gluhfw hq udlvrq
g*xqh suredelolwì soxv lpsruwdqwh srxu ohv skrwrqv g*dyrlu xq fkhplq rswltxh
dyhf dx prlqv xqh uì h{lrq1
O*hqvhpeoh gh fhv vlpxodwlrqv frxsoìhv shuphw gh prgìolvhu od uìsrqvh joredoh g*xq
vflqwloodwhxu sodvwltxh grsì dx Eruh oruvtx*lo hvw vrxplv ã xq  x{ qhxwurqltxh1
:1717 Frpsdudlvrq dyhf xq vshfwuh qhxwurq h{sìulphqwdo
Xqh judqgh vlplolwxgh shxw íwuh revhuyìh hqwuh od frxueh fruuhvsrqgdqw dx vflqwloodwhxu
sodvwltxh grsì dx Eruh gx vshfwuh h{sìulphqwdo suìvhqwì vxu od jxuh :155 hw oh vshfwuh
vlpxoì suìvhqwì vxu od jxuh :1531 Vxu oh vshfwuh vlpxoì ghv qhxwurqv udslghv/ rewhqx
srxu xq vflqwloodwhxu sodvwltxh qrq grsì suìvhqwì vxu od jxuh :14; vhxohv ohv lqwhudfwlrqv
gh w|sh +q/s, ìodvwltxhv vrqw sulvhv hq frpswh1 Dxfxq slf fdudfwìulvwltxh q*dssdudñw vxu
fhwwh frxueh vlpxoìh hw vxu fhooh phvxuìh fruuhvsrqgdqw dx vflqwloodwhxu sodvwltxh qrq grsì
suìvhqwìh vxu od jxuh :1551 Od glvwulexwlrq fruuhvsrqg elhq ã od uìsduwlwlrq hq ìqhujlh ghv
qhxwurqv udslghv txl shxw íwuh phvxuìh1 Vxu oh vshfwuh vlpxoì suìvhqwì vxu od jxuh :14</ lo
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Ilj1 :153= Vshfwuh vlpxoì lvvx g*xq vflqwloodwhxu sodvwltxh grsì dx Eruh luudglì sdu xq  x{
gh qhxwurqv udslghv






Particules alpha de 5,45 MeV














Ilj1 :154= Vshfwuh rewhqx srxu ghv doskd gh 8/78 PhY lqwhudjlvvdqw gluhfwhphqw dyhf xq
vflqwloodwhxu sodvwltxh grsì dx Eruh
dssdudñw xqh iruph vhpeodeoh ã fhooh rewhqxh h{sìulphqwdohphqw srxu ghv doskd dyhf xq
vflqwloodwhxu sodvwltxh grsì dx Eruh txl hvw suìvhqwì sdu h{hpsoh vxu od jxuh :1541 Vxu fh
vshfwuh/ ohv ghx{ slfv suìfìghpphqw flwìv qh vrqw sdv ylvleohv1 Srxu whvwhu fhwwh k|srwkëvh/
lo dxudlw idoox lqmhfwhu ohv sduwlfxohv doskd vxu oh fhqwuh hw vxu oh erug gx vflqwloodwhxu1
Dlqvl/ vl ohv vshfwuhv qhxwurqltxhv h{sìulphqwdx{ rewhqxv vxu od jxuh :155 srxu xq
vflqwloodwhxu sodvwltxh qrq grsì hw xq vflqwloodwhxu sodvwltxh grsì dx Eruh vrqw frpsd0
uìv/ lo dssdudñw xqh iruwh dqdorjlh gh iruph dyhf ohv vshfwuhv vlpxoìv suìvhqwìv vxu ohv
jxuhv :14; hw :1531
Xqh dpìolrudwlrq gh od vlpxodwlrq frqvlvwhudlw ã suhqguh hq frpswh ohv lqwhudfwlrqv
gxhv dx{ ud|rqqhphqwv jdppd dyhf oh pdwìuldx vflqwloodqw1 Fhfl shuphwwudlw gh frqfoxuh
txdqw ã o*lq xhqfh ghv jdppd vxu oh vshfwuh qdo revhuyì hw vlpxoì1
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Scintillateur plastique dopé au bore














Ilj1 :155= Frpsdudlvrq gx vshfwuh qhxwurqltxh g*xq vflqwloodwhxu sodvwltxh qrq grsì hw
g*xq vflqwloodwhxu sodvwltxh grsì dx Eruh
Hq frqfoxvlrq/ lo hvw srvvleoh gh frpelqhu oh frgh gh fdofxo PFQS dyhf xq frgh gh
jìqìudwlrq hw gh wudqvsruw gh od oxplëuh1 Ohv uìvxowdwv grqqìv sdu fhwwh vlpxodwlrq vrqw
frpsdudeohv ã fhx{ rewhqxv gh idêrq h{sìulphqwdoh1
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Fkdslwuh ;
Glvfulplqdwlrq qhxwurq 0 jdppd
Frpph suìvhqwì gdqv oh fkdslwuh suìfìghqw/ o*h!fdflwì gh gìwhfwlrq qhxwurqltxh hvw
wuëv erqqh srxu ohv vflqwloodwhxuv sodvwltxhv grsìv dx Eruh1 Hq frqwuhsduwlh/ ohxu vhqvlelolwì
ylv ã ylv gx ud|rqqhphqw jdppd hvw ehdxfrxs soxv lpsruwdqwh txh fhooh ghv gìwhfwhxuv ã
Kìolxp 61 Lo idxw grqf phwwuh hq rhxyuh ghv pìwkrghv gh glvfulplqdwlrq srxu glvwlqjxhu
ohv vljqdx{ qhxwurqltxhv ghv vljqdx{ jdppd1
;14 Sulqflshv gh od glvfulplqdwlrq gh sduwlfxohv
;1414 Vhqvlelolwì ylv ã ylv gx ud|rqqhphqw jdppd
Od sureoìpdwltxh gh od glvfulplqdwlrq gh sduwlfxohv gdqv ohv vflqwloodwhxuv hvw dqflhqqh1
Hq hhw/ gìmã ^Zlq|dug :4` hw ^Zlq|dug :5` dydlhqw idlw xq duwlfoh gh v|qwkëvh vxu ohv
pìwkrghv glvsrqleohv ã ohxu ìsrtxh1 Txdqw ã Eurrnv/ lo dydlw gëv od q ghv dqqìhv 83
gìyhorssì ghv pìwkrghv gh glvfulplqdwlrq srxu vìsduhu ohv vljqdx{ qhxwurqltxhv gh fhx{
suryhqdqw ghv jdppd ^Eurrnv 8<`1 Fhshqgdqw/ fhv pìwkrghv gìshqghqw ghv surjuëv txh
shxyhqw uìdolvhu ohv glvsrvlwliv ìohfwurqltxhv1 Hoohv vrqw grqf hq shusìwxhooh ìyroxwlrq hw
dpìolrudwlrq1
Ohv vflqwloodwhxuv vrqw wuëv vhqvleohv dx{ ud|rqqhphqwv jdppd1 Vl ohv vhfwlrqv h!fdfhv
jdppd srxu ohv gìwhfwhxuv ã Kìolxp 6 hw ohv vflqwloodwhxuv sodvwltxhv grsìv dx Eruh vrqw
frpsduìhv vxu ohv jxuhv ;14 hw ;15/ lo dssdudñw xqh qhwwh glìuhqfh hq idyhxu gh o*Kì0
olxp 61 Fhwwh glìuhqfh gh vhqvlelolwì ylv ã ylv gx ud|rqqhphqw jdppd hvw g*dxwdqw soxv
dffhqwxìh txh ohv gìwhfwhxuv ã edvh g*Kìolxp 6 vrqw vrxv iruph jd}hxvh frqwudluhphqw dx{
vflqwloodwhxuv sodvwltxhv txl vrqw vrolghv1 O*hhw suìsrqgìudqw gx ud|rqqhphqw jdppd vxu
ohv vflqwloodwhxuv hvw o*hhw Frpswrq/ fh txl hvw frqupì sdu od frxueh gh vhfwlrq h!fdfh
suìvhqwìh vxu od jxuh ;151
Sdu vlpxodwlrq dyhf oh frgh PFQS/ hq prgh skrwrqv/ lo hvw srvvleoh g*hvwlphu ohv
vhqvlelolwìv jdppd uhvshfwlyhv srxu ohv gìwhfwhxuv ã edvh g*Kìolxp 6 hw ohv vflqwloodwhxuv
sodvwltxhv grsìv dx Eruh1 O*ìqhujlh ghv jdppd hvw rewhqxh sdu wludjh Prqwh Fduor sdu
oh frgh PFQS vxu xq vshfwuh hq ìqhujlh fhqwuì dxwrxu gh 833 nhY hw v*ìwdodqw mxvtx*ã
7 PhY1 Oh wdeohdx ;14 suìvhqwh ohv uìvxowdwv gh fhv vlpxodwlrqv srxu ghv jìrpìwulhv
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Energie gamma en keV




























Energie gamma en keV
Ilj1 ;15= Vhfwlrq h!fdfh g*lqwhudfwlrq ghv jdppd dyhf xq vflqwloodwhxu sodvwltxh grsì ã
8 ( hq Eruh qdwxuho1
gh gìwhfwhxuv lghqwltxhv +f|olqguh gh 48 fp gh orqj hw 7 fp gh gldpëwuh,1 Dlqvl/ ohv
vflqwloodwhxuv dssdudlvvhqw joredohphqw soxv vhqvleohv dx{ jdppd txh ohv gìwhfwhxuv ã
edvh g*Kìolxp 61
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Wdeohdx ;14= Suredelolwì g*lqwhudfwlrq srxu xq jdppd lqflghqw hq irqfwlrq gx w|sh g*lq0
whudfwlrq1 Vlpxodwlrq uìdolvìh juåfh dx frgh PFQS
O*hqvhpeoh gh fhv uìvxowdwv prqwuh txh ohv vflqwloodwhxuv vrqw hqylurq 4< 333 irlv
soxv vhqvleohv txh ohv gìwhfwhxuv ã edvh g*Kìolxp 6 +udssruw hqwuh od suredelolwì wrwdoh
g*lqwhudfwlrq jdppd gx vflqwloodwhxu hw gx gìwhfwhxu ã edvh g*Kìolxp 6,1
;1415 Sureoìpdwltxh gh od glvfulplqdwlrq
Fhuwdlqv dxwhxuv rqw suìvhqwì ohv pìwkrghv dqdorjltxhv glvsrqleohv1 Lov rqw/ hq rxwuh/
h{solflwì ohv yduldwlrqv ghv shuirupdqfhv gh glvfulplqdwlrq gh sduwlfxohv ghv vflqwloodwhxuv
vhorq od frqfhqwudwlrq hq txhqfkhxuv suìvhqwv ^Eurrnv 8<`1 Sdu h{hpsoh/ o*R{|jëqh hvw
xq h{fhoohqw txhqfkhxu ghv ìwdwv wulsohwv1 Ru fhv ìwdwv vrqw g*dxwdqw soxv shxsoìv txh od
sduwlfxoh txl d lqwhudjl hvw orxugh hw lrqlvdqwh1 F*hvw fhwwh sursulìwì txl shuphw gh vìsduhu
ohv vljqdx{ ghv glìuhqwhv sduwlfxohv txl rqw lqwhudjl gdqv oh vflqwloodwhxu1 Od suìvhqfh
g*R{|jëqh gdqv oh vflqwloodwhxu gìjudgh grqf ohv shuirupdqfhv gx pdwìuldx hq fh txl
frqfhuqh od glvfulplqdwlrq gh sduwlfxohv1
Rxwuh ohv sursulìwìv sk|vltxhv lqwulqvëtxhv gx vflqwloodwhxu/ ohv glphqvlrqv gx vflqwlood0
whxu shxyhqw ìjdohphqw lq xhu vxu vhv fdsdflwìv ã vìsduhu ohv vljqdx{1 O*dwwìqxdwlrq gh od
oxplëuh hvw g*dxwdqw soxv lpsruwdqwh txh oh wudmhw rswltxh hvw judqg1 Ohv vljqdx{ oxpl0
qhx{ lvvxv gh o*lqwhudfwlrq ghv qhxwurqv dyhf oh vflqwloodwhxu vrqw jìqìudohphqw gh idleohv
dpsolwxghv1 Lov vrqw grqf gl!flohv ã h{wudluh gx euxlw gh irqg jdppd hqylurqqdqw1 Ohv
vhxlov grlyhqw doruv íwuh uìjoìv dyhf vrlq dq g*ìylwhu gh pìodqjhu ohv vljqdx{ jdppd dx{
vljqdx{ qhxwurqv ^Jhupdq ;4`1
O*ìwdw sk|vltxh gdqv ohtxho vh wurxyh oh vflqwloodwhxu mrxh ìjdohphqw xq u÷oh lpsruwdqw
vxu vhv fdsdflwìv gh vìsdudwlrq gh vljqdx{1 Ohv vflqwloodwhxuv oltxlghv rqw ìwì gìfrxyhuwv
dsuëv ohv vflqwloodwhxuv vrolghv1 Lov suìvhqwhqw gh phloohxuhv sursulìwìv gh glvfulplqdwlrq
gh sduwlfxohv sdu xq phloohxu shxsohphqw ghv ìwdwv wulsohwv ^Ehuopdq :6`1 Lo vh wudgxlw
doruv sdu xqh  xruhvfhqfh uhwdugìh txl hvw g*dxwdqw soxv lpsruwdqwh txh od sduwlfxoh txl d
lqwhudjl d xq iruw srxyrlu lrqlvdqw1 Ohv ghx{ frqvwdqwhv gh gìfurlvvdqfh gh od  xruhvfhqfh
vrqw wuëv ìorljqìhv o*xqh gh o*dxwuh sxlvtxh od frqvwdqwh sulqflsdoh vh vlwxh dxwrxu g*xqh
qv doruv txh od frqvwdqwh vhfrqgdluh txl fruuhvsrqg dx{ ìwdwv ã ylh orqjxh vh vlwxh dxwrxu
gh 433 qv1 Srxu ohv vflqwloodwhxuv sodvwltxhv/ od frqvwdqwh sulqflsdoh vh vlwxh dxwrxu gh
txhotxhv qv/ sdu frqwuh od frqvwdqwh vhfrqgdluh hvw frpsulvh hqwuh 43 hw 53 qv ^Dkphg ::`1
Ru od glvfulplqdwlrq hqwuh ohv glìuhqwhv sduwlfxohv d|dqw lqwhudjl dyhf oh vflqwloodwhxu
hvw g*dxwdqw phloohxuh txh od glìuhqfh hqwuh ohv ghx{ frqvwdqwhv gh gìfurlvvdqfh hvw
judqgh1 Dlqvl/ ohv vljqdx{ suryhqdqw gh glìuhqwhv sduwlfxohv vrqw plhx{ vìsduìv srxu ohv
vflqwloodwhxuv oltxlghv sdu udssruw dx{ vflqwloodwhxuv vrolghv1
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Oh sulqflsdo sureoëph ghv vflqwloodwhxuv oltxlghv hvw ohxu wurs judqgh lq dppdelolwì1
Pdojuì ghv uhfkhufkhv uìfhqwhv ^Pdmhzvnl <;` txl rqw shuplv g*rewhqlu uìfhpphqw ghv
vflqwloodwhxuv oltxlghv dyhf ghv srlqwv ìfodluv soxv ìohyìv/ oh ulvtxh g*lqfhqglh hw gh qrq
frqqhphqw uhqghqw fh w|sh gh vflqwloodwhxu txdvlphqw lqh{sorlwdeohv vxu xqh lqvwdood0
wlrq lqgxvwulhooh1 Hq hhw/ ohv ulvtxhv g*lqfhqglh lqgxlvhqw ghv frqwudlqwhv gh vìfxulwì wuëv
lpsruwdqwhv1
;15 Pìwkrghv gh glvfulplqdwlrq
;1514 Udsshov eleolrjudskltxhv
Ghx{ pìwkrghv vrqw sulqflsdohphqw xwlolvìhv srxu od glvfulplqdwlrq gh sduwlfxohv gdqv
ohv vflqwloodwhxuv1 Hoohv vrqw wrxwhv ohv ghx{ edvìhv vxu oh idlw txh oh pd{lpxp gh o*lqwìjudoh
gx vljqdo q*hvw sdv dwwhlqw dx píph lqvwdqw vhorq oh w|sh gh sduwlfxohv d|dqw lqwhudjl1 Hq
g*dxwuhv whuphv/ od fkdujh gdqv od txhxh gh o*lpsxovlrq +txl fruuhvsrqg ã od gìvh{flwdwlrq
ghv ìwdwv wulsohwv, hvw g*dxwdqw soxv lpsruwdqwh txh od sduwlfxoh txl d lqwhudjl hvw iruwhphqw
lrqlvdqwh1
Lo h{lvwh xqh suhplëuh pìwkrgh edvìh vxu xqh ìohfwurqltxh dqdorjltxh1 Hooh phw hq
rhxyuh ghv rsìudwlrqv pdwkìpdwltxhv dssoltxìhv gluhfwhphqw vxu ohv vljqdx{ dqdorjltxhv
lvvxv gx skrwrpxowlsolfdwhxu1 Hooh frqvlvwh ã lqwìjuhu oh vljqdo sxlv ã glìuhqflhu oh vljqdo
lqwìjuì/ f*hvw ã gluh od fkdujh1 Oh prphqw rü oh vljqdo glìuhqflì +grqf od gìulyìh gh od
fkdujh, sdvvh sdu od oljqh gh edvh +rx oh }ìur, gìshqg gx w|sh gh sduwlfxoh1
Ohv xwlolvdwhxuv glvsrvhqw ìjdohphqw g*xqh vhfrqgh pìwkrgh txl hvw edvìh vxu xqh
qxpìulvdwlrq gh od fkdujh gx vljqdo1 Hooh frqvlvwh ã lqwìjuhu oh vljqdo/ f*hvw ã gluh ã rewhqlu
ohv fkdujhv frqwhqxhv gdqv o*lpsxovlrq/ sxlv ã ohv qxpìulvhu srxu vwrfndjh hw h{sorlwdwlrq1
Fhwwh pìwkrgh shuphw hqvxlwh gh frpsduhu od fkdujh frqwhqxh gdqv od joredolwì gx vljqdo
ã fhooh frqwhqxh gdqv od txhxh gx vljqdo1
G*dloohxuv/ Prulv ^Prulv :9` hw Zrovnl ^Zrovnl <8` rqw uìdolvì xqh frpsdudlvrq ghv
shuirupdqfhv hqwuh fhv ghx{ pìwkrghv1 Lov rqw prqwuì txh od pìwkrgh gx sdvvdjh sdu
}ìur grqqh ohv phloohxuv uìvxowdwv dyhf ohv vflqwloodwhxuv oltxlghv tx*lov dydlhqw xwlolvìv srxu
fhwwh h{sìulhqfh gh frpsdudlvrq1 Gh soxv/ oh vhxlo gh glvfulplqdwlrq rewhqx ìwdlw wuëv edv/
sxlvtx*lo fruuhvsrqgdlw ã 63 nhY  ! 
 
1Fh uìvxowdw fruuhvsrqg ã xqh plvh hq rhxyuh srlqwxh
gh od pìwkrgh gh glvfulplqdwlrq ìwxglìh1
Vhxov Udqxffl ^Udqxffl <8` hw Fdr ^Fdr <;` rqw hvvd|ì gh uìdolvhu xqh dssurfkh dqdo|0
wltxh ghv fdsdflwìv gh glvfulplqdwlrq ghv sduwlfxohv hq irqfwlrq ghv sdudpëwuhv sk|vltxhv
gìfulydqw oh vflqwloodwhxu1 Fh prgëoh qh irqfwlrqqh sdv srxu ghv vflqwloodwhxuv frpsoh{hv
frpph fhx{ xwlolvìv hw gìyhorssìv oruv gh fhwwh ìwxgh1 Ohv sursulìwìv gh glvfulplqdwlrq
!
4 nhY ìtxlydohqw ìohfwurq = od sduwlfxoh ìwxglìh jìqëuh xqh txdqwlwì gh skrwrqv ìtxlydohqwh ã fhooh
tx*dxudlw jìqìuì xq ìohfwurq gh 4 nhY1 Fhwwh qrwlrq hvw vrxyhqw xwlolvìh fdu od uìsrqvh ghv vflqwloodwhxuv
hvw txdvl0olqìdluh srxu ohv ìohfwurqv1
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hqwuh ohv qhxwurqv 0 jdppd ghv vflqwloodwhxuv oltxlghv rqw ìwì ìwxglìhv suìflvìphqw oruv gh
od frooderudwlrq GHPRQ ^Prv}|qvnl <5` hw qrwdpphqw od pìwkrgh gh od frpsdudlvrq gh
fkdujh1 Lo dssdudñw txh ohv vflqwloodwhxuv rujdqltxhv oltxlghv gx w|sh QH546 rqw gh wuëv
erqqhv sursulìwìv gh vìsdudwlrq ghv vljqdx{ juåfh ã od judqgh glìuhqfh hqwuh ohv ghx{
frqvwdqwhv gh gìfurlvvdqfh whpsruhooh gh o*ìplvvlrq gh oxplëuh1
Lo hvw fodlu txh od iruph hw od wdlooh gx vflqwloodwhxu shxyhqw ìjdohphqw gìjudghu ohv
sursulìwìv gh glvfulplqdwlrq qhxwurqv 0 jdppd ã fdxvh ghv gl!fxowìv gh froohfwlrq gh
oxplëuh txl shxyhqw dssdudñwuh ^Prv}|qvnl <7`1
Dxwdqw od glvfulplqdwlrq hqwuh ohv qhxwurqv gh iruwhv ìqhujlhv hw ohv jdppd shxw íwuh
uìdolvìh dyhf xqh uhodwlyh idflolwì ^Rqjh :8` hw ^Jodvjrz :7`/ dxwdqw lo shxw íwuh gl!floh
gh vìsduhu fhv ghx{ w|shv gh vljqdx{ srxu od jdpph g*ìqhujlh frpsulvh hqwuh o*ìqhujlh
wkhupltxh hw 433 nhY ^Prv}|qvnl <5` srxu ohv vflqwloodwhxuv rujdqltxhv oltxlghv hw txhotxhv
PhY srxu ohv vflqwloodwhxuv rujdqltxhv vrolghv1 Fhuwdlqv dxwhxuv rqw ìjdohphqw plv hq
ìylghqfh xqh gìshqgdqfh ghv sursulìwìv gh glvfulplqdwlrq gh sduwlfxohv hq irqfwlrq g*xqh
ìoìydwlrq gh whpsìudwxuh ^Fkdoxsnd ::` rx dx frqwudluh g*xqh edlvvh doodqw mxvtx*dx jho
srxu fhuwdlqv vflqwloodwhxuv oltxlghv ^Eulwylfk <;`1
Od glvfulplqdwlrq hqwuh ohv qhxwurqv hw ohv jdppd d gìmã ìwì uìdolvìh dyhf ghv vflqwlood0
whxuv rujdqltxhv oltxlghv grsìv dx Eruh ^Juhhqzrrg :<`1 Sdu frqwuh/ dxfxqh h{sìulhqfh
q*d mxvtx*doruv ìwì udssruwìh gdqv od olwwìudwxuh srxu ohv vflqwloodwhxuv sodvwltxhv grsìv dx
Eruh1 Suìdodeohphqw ã od suìvhqwdwlrq gh fhv pìwkrghv/ oh sdudjudskh vxlydqw lqwurgxlw
ohv glìuhqfhv revhuydeohv hqwuh ohv glìuhqwv vljqdx{ suryhqdqw g*lqwhudfwlrqv jdppd rx
doskd dyhf ohv vflqwloodwhxuv sodvwltxhv grsìv dx Eruh1
;1515 Vljqdx{ revhuydeohv
Ghx{ w|shv g*h{sìulhqfhv rqw ìwì phqìhv = xqh suhplëuh phwwdqw hq rhxyuh xqh vhxoh
vrxufh gh sduwlfxohv doskd hw xqh vhfrqgh phwwdqw hq rhxyuh xqh vrxufh frpelqìh gh
sduwlfxohv doskd hw gh eíwd1 Hq hhw/ ohv sduwlfxohv doskd vrqw fdudfwìulvwltxhv gh od gì0
whfwlrq ghv qhxwurqv wkhupltxhv sdu xq vflqwloodwhxu sodvwltxh grsì dx Eruh doruv txh ohv
eìwd +grqf ohv ìohfwurqv, vrqw fdudfwìulvwltxh gh o*lqwhudfwlrq ghv jdppd dyhf oh pdwì0
uldx vflqwloodqw1 Fhv ghx{ h{sìulhqfhv shuphwwhqw grqf xqh suì0ìwxgh ghv shuirupdqfhv
gh glvfulplqdwlrq hqwuh ohv qhxwurqv hw ohv jdppd srxu ohv vflqwloodwhxuv hq o*devhqfh gh
ud|rqqhphqw qhxwurqltxh1
Vrxufh doskd g*Dpìulflxp 574
Srxu fhwwh vìulh g*h{sìulhqfhv/ oh glvsrvlwli gìfulw suìfìghpphqw srxu od fdudfwìulvdwlrq
doskd ghv vflqwloodwhxuv d ìwì xwlolvì +Fi1 fkdslwuh 9,1 Od vrxufh doskd xwlolvìh vrxv ylgh
sulpdluh hvw xqh vrxufh g*Dpìulflxp 5741 Ghx{ w|shv gh vljqdx{ vrqw revhuydeohv vxu od
jxuh ;161
0 Xqh suhplëuh idplooh gh idleohv dpsolwxghv txl fruuhvsrqg dx{ jdppd gh idleoh
ìqhujlh +dxwrxu gh 93 nhY, ìplv oruv gh od gìvlqwìjudwlrq doskd gh o*Dpìulflxp 5741
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Gamma
Alpha
Ilj1 ;16= Rvfloorjudpph jìqìuì sdu xqh vrxufh doskd g*
 ! !
Dp lqwhudjlvvdqw vrxv ylgh dyhf
xq vflqwloodwhxu sodvwltxh grsì dx Eruh1
Gamma
Ilj1 ;17= Rvfloorjudpph g*xqh vrxufh doskd g*
 "! !
Dp vrxv dlu1
0 Xqh vhfrqgh idplooh/ gh soxv judqgh dpsolwxgh dssdudñw vxu o*rvfloorjudpph1 Fhwwh
srsxodwlrq hvw od vljqdwxuh gh o*lqwhudfwlrq ghv doskd gh 8/78 PhY dyhf oh vflqwlood0
whxuv sodvwltxhv grsìv dx Eruh1
Oruv g*xqh vhfrqgh h{sìulhqfh/ oh ylgh hvw uhpsodfì sdu gh o*dlu1 Xqh vhxoh idplooh gh
srlqwv vxevlvwh doruv frpph oh prqwuh od jxuh ;171 Hq hhw/ vhxov ohv jdppd shxyhqw
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Particules alpha
Ilj1 ;18= Rvfloorjudpph gh od uìsrqvh g*xq vflqwloodwhxu sodvwltxh grsì dx Eruh oruvtx*lo
hvw vrxplv ã xqh luudgldwlrq doskd +
 ! !
Dp, hw eìwd +Vu0\,1
dwwhlqguh oh vflqwloodwhxu hw lqwhudjlu dyhf1
Vrxufh frpelqìh Vwurqwlxp0\wulxp hw Dpìulflxp 574
Gdqv oh fdguh gh fhwwh ìwxgh/ xqh vrxufh d ìjdohphqw ìwì uìdolvìh hq sduwhqduldw dyhf
oh Oderudwrluh Qdwlrqdo Khqul Ehftxhuho +O1Q1K1E1, gx Gìsduwhphqw g*Dssolfdwlrq hw gh
Pìwurorjlh ghv Ud|rqqhphqwv Lrqlvdqwv1 Fhwwh vrxufh hvw frqvwlwxìh g*xq pìodqjh g*Dpì0
ulflxp 574 +ìphwwhxu doskd, hw gh Vurqwlxp0\wwulxp
 
hq ìtxloleuh vìfxodluh1 O*dfwlylwì
joredoh gh od vrxufh hvw g*hqylurq 733 Et hq doskd hw 733 Et hq eíwd1 Fh pìodqjh d ìwì
gìsrvì vxu od vxuidfh g*xq vflqwloodwhxu sodvwltxh f|olqgultxh grsì dx Eruh gh 83 pp gh
gldpëwuh hw gh 5/8 fp g*ìsdlvvhxu1 Oh vflqwloodwhxu d ìwì uhfrxyhuw g*xqh shlqwxuh glxvdqwh
ã o*r{|gh gh Wlwdqh vxu wrxwhv vhv idfhv vdxi xqh txl hvw frxsoìh dx skrwrpxowlsolfdwhxu1
Oh vshfwuh revhuydeoh hvw suìvhqwì vxu od jxuh ;181 Fhwwh jxuh prqwuh xqh idplooh gh
srlqwv hq vxu0lpsuhvvlrq sdu udssruw dx{ dxwuhv1 Hooh fruuhvsrqg dx{ sduwlfxohv doskd1 Hq
hhw vhxov ohv doskd glvsrvhqw g*xqh ìqhujlh elhq gìwhuplqìh1 Ohv eíwd/ jìqìuìv sdu od vrxufh
gh Vwurqwlxp 0 \wulxp/ vrqw ìplv vhorq xq vshfwuh hq ìqhujlh frqwlqx txl fruuhvsrqg ã
xqh fhuwdlqh suredelolwì gh glvwulexwlrq1 Frqirupìphqw dx{ suìglfwlrqv gh od orl gh Elunv/
xqh sduwlfxoh doskd gh 8/78 PhY jìqëuh ehdxfrxs prlqv gh skrwrqv gh vflqwloodwlrqv txh
ghv ìohfwurqv +ghv eíwd, g*xqh ìqhujlh pd{lpdoh gh 5 PhY1
Gh o*hqvhpeoh ghv vshfwuhv suìfìghqwv/ lo dssdudñw txh ohv sduwlfxohv shxyhqw íwuh vì0
sduìhv vhorq ohxu srxyrlu lrqlvdqw/ f*hvw ã gluh ohxu pdvvh/ ohxu ìqhujlh hw ohxu ]/ gdqv ohv
!
Fhwwh vrxufh hvw xq grxeoh ìphwwhxu eìwd1   $ H !"#$% @ 3> 879 PhY dyhf H &'()* @ 3/4<8 PhY
 + $ H !"#$% @ 5> 5; PhY dyhf H &'($* @ 3/<67 PhY
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vflqwloodwhxuv sodvwltxhv grsìv dx Eruh1 Lo hvw srvvleoh g*hqylvdjhu o*xwlolvdwlrq gh pìwkrghv
gh glvfulplqdwlrq1
;16 Pìwkrgh dqdorjltxh = oh sdvvdjh sdu }ìur
;1614 Plvh hq rhxyuh h{sìulphqwdoh
Xwlolvdqw od sursulìwì sk|vltxh gìfulwh suìfìghpphqw +Fi1 ¢ ;15,/ fhwwh pìwkrgh dqd0
orjltxh uhsrvh vxu xqh vìulh g*rsìudwlrqv pdwkìpdwltxhv gluhfwhphqw dssoltxìhv vxu oh
vljqdo1 Od kdxwhxu gh od txhxh gh o*lpsxovlrq ydulh hq irqfwlrq gx w|sh gh sduwlfxohv txl
rqw lqwhudjl dyhf oh vflqwloodwhxu1 Dlqvl/ oh prphqw rü oh pd{lpxp gh od fkdujh/ grqf gh
o*lqwìjudoh gx vljqdo/ hvw dwwhlqw gìshqg gh od sduwlfxoh txl d lqwhudjl1 Fhwwh pìwkrgh hvw
odujhphqw xwlolvìh ã od irlv srxu ohv vflqwloodwhxuv rujdqltxhv hw ohv lqrujdqltxhv ^Sdl ;<`1
Gdqv xq suhplhu whpsv/ frpph oh prqwuh od jxuh ;19/ oh vljqdo g*dqrgh hvw lqwìjuì
dq g*rewhqlu od fkdujh gx vljqdo1 Sxlv/ oh vljqdo lqwìjuì hvw glìuhqflì dq g*rewhqlu
o*lqvwdqw gh sdvvdjh gx vljqdo lqwìjuì sdu oh pd{lpxp gh od fkdujh1 Xq glvfulplqdwhxu ã
iudfwlrq frqvwdqwh shuphw/ hq rxwuh/ gh gìfohqfkhu oh gìexw gx frgdjh whpsruho dyhf oh
gìexw gx vljqdo txhooh txh vrlw o*dpsolwxgh gh o*lpsxovlrq lvvxh gx skrwrpxowlsolfdwhxu1
Vl fh vljqdo dolphqwh o*hqwuìh vwduw g*xq frqyhuwlvvhxu whpsv 0 dpsolwxgh hw txh o*hqwuìh
vwrs gh fh píph frqyhuwlvvhxu hvw dolphqwìh sdu oh vljqdo glìuhqflì/ doruv oh whpsv
txh frgh oh frqyhuwlvvhxu whpsv 0 dpsolwxgh gìshqg gh od sduwlfxoh txl d lqwhudjl gdqv oh
vflqwloodwhxu1 Hqq/ oh vljqdo suryhqdqw gx frqyhuwlvvhxu whpsv 0 dpsolwxgh hvw hqyr|ì vxu
xq dqdo|vhxu pxowlfdqdx{ txl shuphw gh ylvxdolvhu hw g*dqdo|vhu od txdolwì gh od vìsdudwlrq
hqwuh ohv vljqdx{1
Od plvh hq rhxyuh h{sìulphqwdoh hvw suìvhqwìh vxu od jxuh ;1:1 O*lqwìuíw gx wlurlu
ìohfwurqltxh Q:48 gìyhorssì sdu od vrflìwì FDHQ hvw tx*lo glvsrvh dx vwdqgdug QLP gh
o*hqvhpeoh ghv irqfwlrqv pdwkìpdwltxhv qìfhvvdluhv dx wudlwhphqw gx vljqdo srxu uìdolvhu
xqh glvfulplqdwlrq gh sduwlfxohv1 Vrq irqfwlrqqhphqw shuphw/ hq rxwuh/ o*xwlolvdwlrq gh
ghx{ skrwrpxowlsolfdwhxuv/ xq ã fkdtxh h{wuìplwì gx vflqwloodwhxu dq gh pd{lplvhu od
froohfwh ghv skrwrqv gh vflqwloodwlrq1 Lo glvsrvh grqf gh ghx{ hqwuìhv/ fkdfxqhv fruuhvsrq0
gdqw ã xq skrwrpxowlsolfdwhxu1 Gdqv oh fdguh gh fhwwh ìwxgh/ xqh vhxoh gh fhv ghx{ hqwuìhv
d ìwì xwlolvìh1 O*dxwuh d grqf ìwì frqqhfwìh vxu xqh fkdujh gh 83 l dq gh pdlqwhqlu
o*dgdswdwlrq g*lpsìgdqfh1 O*ìohfwurqltxh xwlolvìh gdqv fh wlurlu hvw suìvhqwì sdu Eduqded
^Eduqded <;`1
Oh skrwrpxowlsolfdwhxu [S5353 hvw dolphqwì sdu xqh kdxwh whqvlrq gh 5 nYrowv FDHQ
Q7:31 Oh frqyhuwlvvhxu whpsv dpsolwxgh +W1D1F1/ Wlph wr Dpsolwxgh Frqyhuwhu, hvw
xq WDF 899 gh od vrflìwì RUWHF1 O*dqdo|vhxu g*dpsolwxgh pxowlfdqdx{ +P1F1D/ Pxowl
Fkdqqho Dqdo|}hu, hvw xqh fduwh RUWHF WUXPS ;n frqqhfwìh sdu xq exv LVD ã xq
SF1
O*hqwuìh Vwureh gx wlurlu Q:48 grlw íwuh dolphqwìh sdu oh vljqdo suryhqdqw gh od sdu0
wlh glvfulplqdwhxu ã iudfwlrq frqvwdqwh +FIG/ frqvwdqw iudfwlrq glvfulplqdwru, dq gh
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Avec inversion de signe
Avec inversion de signe
Ilj1 ;19= Sulqflsh gh od glvfulplqdwlrq gh sduwlfxohv sdu od pìwkrgh gx sdvvdjh sdu }ìur
eortxhu o*hqwuìh gx prgxoh shqgdqw oh wudlwhphqw g*xq vljqdo1 Fh glvsrvlwli ìylwh doruv od
froolvlrq/ dx frxuv gx wudlwhphqw ìohfwurqltxh/ gh ghx{ lpsxovlrqv wuëv surfkhv whpsr0
uhoohphqw o*xqh sdu udssruw ã o*dxwuh1
;1615 Uìvxowdwv
Od vrxufh gh qhxwurqv xwlolvìh hvw xqh vrxufh g*Dpìulflxp0Ehu|olxp gh 433 pFl wkhu0
pdolvìh rx qrq vhorq ohv ehvrlqv gh o*h{sìulhqfh1
O*dqdo|vh ghv vshfwuhv hq whpsv rewhqxv srxu ohv vflqwloodwhxuv whvwìv frqgxlw ã od
vìsdudwlrq ghv glìuhqwhv sduwlfxohv uhfkhufkìhv1 Wurlv idploohv gh srlqwv dssdudlvvhqw
vxu od jxuh ;1; dsuëv dyrlu uìdolvì xq dmxvwhphqw g*xqh vrpph gh wurlv jdxvvlhqqhv
vxu oh vshfwuh rewhqx srxu xq vflqwloodwhxu sodvwltxh grsì dx Eruh1 Fhv wurlv frxuehv
fruuhvsrqghqw dx{ wurlv w|shv gh sduwlfxohv d|dqw sx lqwhudjlu dx vhlq gx vflqwloodwhxu
whvwì1
Od jdxvvlhqqh fruuhvsrqgdqw dx{ soxv idleohv qxpìurv gh fdqdx{ hvw uhsuìvhqwdwlyh ghv
jdppd +sxlvtxh oh vljqdo suryhqdqw gh fh w|sh gh sduwlfxohv sdvvh sdu }ìur hq suhplhu,1 Od
jdxvvlhqqh fhqwudoh fruuhvsrqg dx{ qhxwurq udslghv/ sxlvtxh tx*hooh uhsuìvhqwh ohv surwrqv
gh uhfxo1 Od jdxvvlhqqh vlwxìh ã gurlwh gx vshfwuh hq whpsv fruuhvsrqg dx{ qhxwurqv
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Ilj1 ;1:= Vfkìpd gx glvsrvlwli gh glvfulplqdwlrq qhxwurq jdppd sdu od pìwkrgh gx sdv0
vdjh sdu }ìur1
























Ilj1 ;1;= Glvfulplqdwlrq qhxwurq 0 jdppd plvh hq rhxyuh srxu xq vflqwloodwhxu sodvwltxh
grsì dx eruh EF7871 Vrxufh DpEh qrq wkhupdolvìh1
wkhupltxhv sxlvtx*hooh uhsuìvhqwh ohv frxsohv g*lrqv doskd 0 Olwklxp fuììv sdu ohv uìdfwlrqv
gh fdswxuh +q/k, vxu oh Eruh 431 Fhv ghx{ ghuqlëuhv sduwlfxohv vrqw ohv soxv lrqlvdqwhv/ grqf
fh vrqw hoohv txl shxsohqw oh soxv ohv ìwdwv wulsohwv gx vflqwloodwhxu sdu udssruw dx{ surwrqv
gh uhfxo1
G*dloohxuv/ gdqv oh fdv g*xq vflqwloodwhxu sodvwltxh qrq grsì/ vhxov ghx{ slfv vrqw revhu0
ydeohv frpph oh prqwuh od jxuh ;1<1 Hq hhw/ gdqv fh fdv/ vhxov ghx{ w|shv gh sduwlfxohv
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Ilj1 ;1<= Glvfulplqdwlrq qhxwurq udslgh 0 jdppd sdu od pìwkrgh gx sdvvdjh sdu }ìur
srxu xq vflqwloodwhxu sodvwltxh qrq grsì1 Vrxufh DpEh qrq wkhupdolvìh1
shxyhqw lqwhudjlu dx vhlq gx vflqwloodwhxu/ ohv jdppd hw ohv qhxwurqv udslghv dx wudyhuv
ghv lqwhudfwlrqv ìodvwltxhv +q/s,1
Dxwdqw od gìwhfwlrq ghv qhxwurqv wkhupltxhv sìqìwudqwv gdqv oh vflqwloodwhxu rx fuììv dx
vhlq píph gx vflqwloodwhxu hvw v|vwìpdwltxh/ dxwdqw od gìwhfwlrq ghv qhxwurqv udslghv sdu
o*lqwhupìgldluh ghv qr|dx{ g*K|gurjëqh gx vflqwloodwhxu gìshqg ìqrupìphqw gh o*ìqhujlh
gìsrvìh dx frxuv gx rx ghv fkrfv +q/s, ìodvwltxhv txh uìdolvh oh qhxwurq udslgh1 Dlqvl/ oh
slf fruuhvsrqgdqw dx{ qhxwurqv wkhupltxhv hvw soxv ìwurlw txh fhoxl fruuhvsrqgdqw dx{
qhxwurqv udslghv sxlvtxh o*ìqhujlh ghv lrqv doskd hw Olwklxp/ jìqìuìv sdu od uìdfwlrq gh
fdswxuh/ hvw wrxmrxuv od píph +T gh od uìdfwlrq,1
Ohv dmxvwhphqwv gh fhwwh pìwkrgh grlyhqw íwuh wuëv plqxwlhx{1 Hq hhw/ frpph lo
v*djlw g*xqh pìwkrgh dqdorjltxh/ ohv uìjodjhv vrqw wuëv vhqvleohv dx{ gìulyhv wkhupltxhv
ghv frpsrvdqwv frqvwlwxdqw o*ìohfwurqltxh gx prgxoh Q:481 Gxudqw ohv phvxuhv gh orqjxhv
gxuìhv/ lo d ìwì frqvwdwì xq jolvvhphqw ghv dpsolwxghv whpsruhoohv1 Fhfl frquph txh ohv
glvsrvlwliv gh frpshqvdwlrq qh irqfwlrqqhqw sdv v|vwìpdwltxhphqw gh idêrq rswlpdoh1
Fh sureoëph shxw vh uìyìohu jíqdqw oruv g*xqh xwlolvdwlrq hq frqwlqx gh o*ìohfwurqltxh gh
wudlwhphqw1
;1616 Shuirupdqfhv gh od pìwkrgh
Jìqìudohphqw/ od txdolwì gh od glvfulplqdwlrq hvw grqqìh sdu od yduldeoh  txl hvw
oh udssruw hqwuh { +o*lqwhuydooh txl vìsduh ohv ghx{ slfv ìwxglìv, hw od vrpph gh ohxuv
odujhxuv ã pl0kdxwhxu +IZKP,/ frpph fhod hvw gìwdlooì sdu o*ìtxdwlrq ;141 Soxv  hvw
lpsruwdqw/ phloohxuh hvw od fdsdflwì gh vìsdudwlrq ghv vljqdx{ gh od sduw gx glvsrvlwli gh
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8`M n 8`M !
+;14,
Oh idfwhxu  ydxw 3/9 srxu oh frxsoh +jdppd 0 qhxwurqv udslghv,/ 5/4 srxu oh frxsoh
+jdppd 0 qhxwurqv wkhupltxhv, hw 3/78 srxu oh frxsoh +qhxwurqv udslghv 0 qhxwurqv wkhu0
pltxhv, gh od jxuh ;1;1 Oh píph idfwhxu P ydxw 4/4 srxu oh frxsoh +jdppd 0 qhxwurqv
udslghv, vxu od jxuh ;1<1 Lo hvw soxv idleoh gdqv oh fdv g*xq vflqwloodwhxu sodvwltxh grsì dx
Eruh1 Hq hhw/ ohv sursulìwìv gh glvfulplqdwlrq gìshqghqw gx w|sh gh proìfxohv xwlolvìhv hw
gh ohxu frqfhqwudwlrq1 Od frpsrvlwlrq gx vflqwloodwhxu sodvwltxh qrq grsì hw gh fhoxl grsì
vrqw glìuhqwhv1 Ohxuv shuirupdqfhv uhvshfwlyhv gh glvfulplqdwlrq vrqw grqf glìuhqwhv fh
txl h{soltxh od erqqh vìsdudwlrq ghv ghx{ slfv gdqv oh fdv gx vflqwloodwhxu qrq grsì hw od
prlqv erqqh g|qdpltxh hqwuh ohv slfv srxu oh vflqwloodwhxu grsì1
Ghv gl!fxowìv gh vìsdudwlrq dssdudlvvhqw gdqv oh fdv rü oh  x{ jdppd ghylhqw lp0
sruwdqw1 Oh wudlwhphqw gh o*lqirupdwlrq hqjhqguh xq eorfdjh gh o*ìohfwurqltxh gh frgdjh
gxudqw xq odsv gh whpsv txl gìshqg ghv shuirupdqfhv gh o*ìohfwurqltxh xwlolvìh1 G*dsuëv
oh frqfhswhxu gx glvsrvlwli dqdorjltxh Q:48/ o*ìohfwurqltxh gh wudlwhphqw hvw sdudo|vìh hw
q*duulyh soxv ã wudlwhu fruuhfwhphqw wrxwhv ohv lpsxovlrqv hqwudqwhv dx ghoã gh 533 nK}
+qhxwurqv hw jdppd pìodqjìv,1
;17 Pìwkrgh qxpìultxh = od frpsdudlvrq gh fkdujhv
Fhwwh pìwkrgh d sx íwuh plvh hq rhxyuh gëv txh ohv surjuëv hq ìohfwurqltxh rqw shu0
plv gh uìdolvhu ghv frghxuv gh fkdujhv vx!vdpphqw udslghv srxu wudlwhu ghv lpsxovlrqv
sk|vltxhv ^Ehoo ;4`1
;1714 Plvh hq rhxyuh h{sìulphqwdoh
Oh glvsrvlwli h{sìulphqwdo hvw suìvhqwì vxu od jxuh ;1431 Oh vljqdo suryhqdqw gh o*dqrgh
gx skrwrpxowlsolfdwhxu hvw vìsduì hq ghx{ sduwlhv sdu xq vsolwwhu sdvvli txl suìvhqwh dx
qlyhdx gh vrq hqwuìh hw gh vhv ghx{ vruwlhv/ xqh lpsìgdqfh fdudfwìulvwltxh ìjdoh ã 83 l1
Fhv ghx{ vljqdx{ vrqw doruv uhwdugìv gh idêrq ã fh txh ohv frghxuv gh fkdujhv T0DGF4
hw T0DGF5 vrlhqw dolphqwìv dx erq lqvwdqw hq irqfwlrq ghv sruwhv whpsruhoohv gh gìfohq0
fkhphqw1 Fh uhwdug hvw gh o*ruguh gh txhotxhv gl}dlqhv gh qv1 Ohv sruwhv g*dxwrulvdwlrq
gh frgdjh vrqw jìqìuìhv sdu xq jìqìudwhxu gh sruwh gìfohqfkì sdu xq glvfulplqdwhxu ã
iudfwlrq frqvwdqwh1 Hq hhw/ oh vljqdo gh g|qrgh xqh irlv lqyhuvì hw plv hq iruph sdu xq
dpsolfdwhxu whpsruho udslgh rx IWD +Idvw Wlplqj Dpsolhu, dolphqwh o*hqwuìh gx
glvfulplqdwhxu ã iudfwlrq frqvwdqwh rx FIG +Frqvwdqw Iudfwlrq Glvfulplqdwru,1 Fh wl0
urlu shuphw gh gìfohqfkhu od jìqìudwlrq ghv sruwhv dxwrulvdqw oh frgdjh wrxmrxuv dx píph
prphqw gh o*lpsxovlrq/ txhotx*hq vrlw o*dpsolwxgh1
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Ohv frghxuv gh fkdujhv xwlolvìv vrqw ohv frghxuv Y798 hw Y:<5 gh od vrflìwì FDHQ1
Ohxu sodjh gh phvxuh v*ìwhqg gh 3 ã 733 sF srxu oh Y798 hw gh 3 ã 4933 sF srxu oh Y:<51
Oh whpsv pruw gh frgdjh hvw gh 8 >v {h srxu oh Y:<5 hw gh 46 >v gdqv oh fdv oh soxv
gìidyrudeoh srxu oh Y7981 Fhv frghxuv irqfwlrqqhqw vxu oh exv YPH/ fh txl d shuplv gh

















Ilj1 ;143= Vfkìpd gx glvsrvlwli h{sìulphqwdo plv hq rhxyuh srxu od pìwkrgh gh glvfulpl0
qdwlrq gh sduwlfxohv glwh sdu frpsdudlvrq gh fkdujhv1
Ohv v|qrswltxhv gh irqfwlrqqhphqw ghv surjudpphv g*dftxlvlwlrq vrqw suìvhqwìv 0
jxuhv ;144 hw ;1451 Elhq txh gh vwuxfwxuhv vlplodluhv/ lo d idoox gìyhorsshu ghx{ w|shv
gh surjudpph dq gh suhqguh hq frpswh ghv glìuhqfhv qrwdeohv gh irqfwlrqqhphqw ghv
ghx{ frghxuv1 Od glìuhqfh frqfhuqh hq sduwlfxolhu od jhvwlrq gx exhu gdqv ohtxho ohv
grqqìhv qxpìulvìhv vrqw vwrfnìhv sdu ohv fduwhv g*dftxlvlwlrq dydqw ohxu hqyrl vxu oh exv
YPH hq yxh g*xq vwrfndjh vxu oh glvtxh gxu gx SF frqwu÷ohxu1
Od fduwh Y798 jìqëuh/ ã fkdtxh dftxlvlwlrq/ xq hqwíwh +rx khdghu, gdqv oh exhu txl
frqwlhqw oh qrpeuh gh fdqdx{ frqyhuwlv srxu xq wrs kruorjh +oh wrs kruorjh hvw gìfohqfkì
sdu oh jìqìudwhxu gh sruwh,1 Sxlv vxlyhqw o*hqvhpeoh ghv fdqdx{ frqyhuwlv fruuhvsrqgdqw ã
fh wrs kruorjh1 Oh fkrl{ gh gìpduuhu od ohfwxuh ghv grqqìhv oruvtxh od ILIR +Iluvw Lq Iluvw
Rxw, hvw ã prlwlì sohlqh shuphw g*ìylwhu gh shuguh ghv lqirupdwlrqv oruvtxh od ILIR hvw
sohlqh1 Oh glvsrvlwli g*dftxlvlwlrq 0 vwrfndjh ghv grqqìhv srxuudlw vh wurxyhu lqglvsrqleoh
gxudqw od ohfwxuh gh od ILIR gh od fduwh g*dftxlvlwlrq sdu oh exv YPH/ fh txl hqwudñqhudlw
od shuwh ghv lpsxovlrqv duulydqw ã fh prphqw oã dx qlyhdx gx frghxu1 Oh surjudpph
g*dftxlvlwlrq erxfoh vxu oxl0píph gëv txh od ILIR hvw ã qrxyhdx ã ghpl0uhpsolh/ frpph
fhod hvw suìvhqwì vxu od jxuh ;1441
Od fduwh Y:<5 jëuh glìuhpphqw ohv grqqìhv1 Od ohfwxuh ghv grqqìhv hvw odqfìh xqh irlv
txh od ILIR hvw ã prlwlì sohlqh srxu od píph udlvrq txh fhooh gìfulwh gdqv oh sdudjudskh
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Ilj1 ;144= V|qrswltxh gx surjudpph g*dftxlvlwlrq xwlolvdqw oh prgxoh Y798
suìfìghqw1 Ohv phvxuhv vrqw wrxwhv vìsduìhv ohv xqhv ghv dxwuhv sdu xq hqwíwh txl hvw/ lfl/
lqfoxv gdqv ohv grqqìhv oxhv sdu oh exv YPH1 O*rsìudwlrq gh ohfwxuh vh uìsëwh mxvtx*ã
fh tx*xq prw sduwlfxolhu vrlw uhqfrqwuì gdqv od ILIR/ ã vdyrlu oh prw Ilq gh Eorf txl
vljqlh txh o*hqvhpeoh ghv ìyëqhphqwv fruuhvsrqgdqw ã xq wrs kruorjh grqqì/ gìfohqfkì
sdu oh jìqìudwhxu gh sruwh/ rqw ìwì oxv hw tx*lo idxw sdvvhu dx wrs kruorjh vxlydqw hq
uherxfodqw oh surjudpph gh ohfwxuh gx exhu frpph oh prqwuh od jxuh ;1451
Od glvwulexwlrq whpsruhooh ghv vljqdx{ fkrlvlh srxu ohv dftxlvlwlrqv hvw suìvhqwìh vxu
od jxuh ;1461 Od sruwh uhwdugìh shuphw gh qh frqvlgìuhu txh od txhxh gh o*lpsxovlrq1 Od
odujhxu wrwdoh ghv sruwhv grlw íwuh dx prlqv ìjdoh ã 83 qv ã fdxvh ghv olplwdwlrqv lqwhuqhv
olìhv dx{ frqyhuwlvvhxuv fkdujhv 0 whqvlrq ghv frghxuv1 Ohv sdudpëwuhv whpsruhov grlyhqw
íwuh uìjoìv ã qrxyhdx ã fkdtxh h{sìulhqfh dq g*dmxvwhu g*ìyhqwxhoohv prglfdwlrqv gh
orqjxhxu gh fåeohv d|dqw sx lqwhuyhqlu1 Sdu h{hpsoh/ xq pëwuh gh fåeoh frd{ldo hqjhqguh
xq uhwdug w|sltxh gh 8 qv1 Ru ohv vljqdx{ rqw ghv odujhxuv ã pl0kdxwhxu gh o*ruguh gh od
gl}dlqh gh qv1 Od txdolwì gh od glvfulplqdwlrq gìshqg gh od v|qfkurqlvdwlrq hqwuh o*hqvhpeoh
ghv vljqdx{ +sk|vltxhv hw whpsruhov srxu oh frgdjh,1 Od odujhxu ghv sruwhv d xqh lq xhqfh
lpsruwdqwh vxu od txdolwì gh od glvfulplqdwlrq hw vxu od olplwh edvvh hq ìqhujlh ã sduwlu gh
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Ilj1 ;145= V|qrswltxh gx surjudpph g*dftxlvlwlrq xwlolvdqw oh prgxoh Y:<5
odtxhooh ohv glìuhqwhv idploohv gh sduwlfxohv vrqw vìsduìhv ohv xqhv ghv dxwuhv ^Khowvoh| ;;`1
O*hqvhpeoh ghv grqqìhv vwrfnìhv gdqv ohv fklhuv grlw íwuh uhwudlwì sdu xq orjlflho
g*dqdo|vh ghv grqqìhv gx w|sh SDZ
 
1 Fh w|sh gh orjlflho shuphw g*h{wudluh ohv uìvxowdwv
lqwìuhvvdqwv hw gh mxjhu gh o*h!fdflwì dyhf odtxhooh od glvfulplqdwlrq gh sduwlfxohv d ìwì
uìdolvìh1 Fh uìvxowdw ydulh qrwdeohphqw hq irqfwlrq gx fkrl{ gh od uìsduwlwlrq whpsruhooh
ghv vljqdx{1
;1715 Prqwdjh pl{wh dqdorjltxh hw qxpìultxh
Xqh plvh hq rhxyuh ruljlqdoh d ìwì plvh dx srlqw sdu Wrnh ^Wrnh <6` dyhf xq glvsrvlwli
ìohfwurqltxh dqdorjltxh vlpsoh txl shuphw gh uìdolvhu od frqyhuvlrq lpsxovlrq 0 fkdujh dyhf
xq plqlpxp gh frpsrvdqwv1 O*lqwìuíw g*xq who prqwdjh hvw gh v*dudqfklu ghv sureoëphv
gh v|qfkurqlvdwlrq ghv sruwhv ohqwhv hw udslghv srxu oh frgdjh gh od fkdujh wrwdoh hw
uhwdugìh gx vljqdo1 Fhw dwrxw q*hvw sdv qìjoljhdeoh frpswh whqx gh od vhqvlelolwì dyhf
!
Sk|vlf Dqdo|vlv Zrunvwdwlrq gx Fhqwuh Hxursìhq srxu od Uhfkhufkh Qxfoìdluh
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Ilj1 ;146= Uìsduwlwlrq whpsruhooh ghv vljqdx{ srxu od glvfulplqdwlrq qhxwurq 0 jdppd
sdu od pìwkrgh gh od frpsdudlvrq gh fkdujhv1
odtxhooh od txdolwì gh glvfulplqdwlrq ydulh hq irqfwlrq gh od sduwlh gh od fkdujh ohqwh frgìh1
Vhxoh od sduwlh dqdorjltxh gx glvsrvlwli suìvhqwì vxu od jxuh ;143 hvw prglìh sdu oh
prqwdjh suìvhqwì vxu od jxuh ;1471
Oh suhplhu ìwdjh gx prqwdjh vh fkdujh g*lqyhuvhu oh vljqdo gh od ghuqlëuh g|qrgh
frqqhfwìh ã o*hqwuìh gx prqwdjh1 F*hvw fh txl grqqh od vruwlh T wrwdoh lqgltxdqw dlqvl txh
fhwwh vruwlh frqwlhqw o*hqvhpeoh gh od fkdujh gh o*lpsxovlrq1
Oh vhfrqg ìwdjh d srxu irqfwlrq gh glìuhqwlhu oh vljqdo dyhf xqh frqvwdqwh gh whpsv
ìjdoh ã 5: qv1 Fhwwh frqvwdqwh vh uëjoh sdu oh mhx gx frxsoh gh uìvlvwdqfhv hqwrxudqw oh
wudqvlvwru SQS1 Ohv wudqvlvwruv xwlolvìv vrqw ghv wudqvlvwruv udslghv lvvxv gx grpdlqh gh
o*ìohfwurqltxh ghv K|shu Iuìtxhqfhv1 Oh wudqvlvwru SQS hvw srodulvì sdu o*lqwhupìgldluh
g*xq srwhqwlrpëwuh gh 43 nl dq gh uhmhwhu od pdmrulwì gh od sduwlh srvlwlyh gx vljqdo
glìuhqwlì/ gh idêrq ã qh uìfxsìuhu txh od sduwlh qìjdwlyh gx vljqdo glìuhqflì vxu od vruwlh
T uhwdugìh1
;1716 Uìvxowdwv
O*xwlolvdwlrq kdelwxhooh gh fhwwh pìwkrgh gh glvfulplqdwlrq frqvlvwh ã wudfhu od fkdujh
uhwdugìh sdu udssruw ã od fkdujh wrwdoh +Fi1 jxuh ;148,1 Pdlv fhuwdlqv dxwhxuv frpph
^Dohnvdq ;;` suìiëuh hhfwxhu xq udwlr hqwuh od fkdujh uhwdugìh hw od fkdujh wrwdoh hw hqvxlwh
uìdolvhu xq wudfì g*klvwrjudpphv1 Lo dssdudñw doruv dxwdqw gh jdxvvlhqqhv tx*lo | d gh
idploohv gh sduwlfxohv txl rqw lqwhudjl ã frqglwlrq txh od glvfulplqdwlrq gh sduwlfxohv
v*hhfwxh dlvìphqw gdqv oh vflqwloodwhxu ìwxglì1 Dyhf ohv vflqwloodwhxuv whvwìv fhw duwlfh
pdwkìpdwltxh q*dpìolruh sdv od vìsdudwlrq hqwuh ohv slfv1
Hq wkìrulh/ dxfxqh phvxuh qh grlw vh wurxyhu dx ghvvxv gh od suhplëuh elvvhfwulfh1 Hq
hhw/ od fkdujh frqwhqxh gdqv od sduwlh uhprqwdqwh gx vljqdo hvw wrxmrxuv lqiìulhxuh ã fhooh
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Ilj1 ;147= Prqwdjh shuphwwdqw g*dpìolruhu ohv shuirupdqfhv gh glvfulplqdwlrq qhxwurq 0
jdppd gh od pìwkrgh gh od frpsdudlvrq gh fkdujhv1
suìvhqwh gdqv oh vljqdo joredo1 Fhshqgdqw/ srxu dpìolruhu ohv shuirupdqfhv/ lo hvw frxudqw
gh glplqxhu oh vljqdo fruuhvsrqgdqw ã od fkdujh wrwdoh ã o*dlgh g*xq dwwìqxdwhxu dq txh
oh pd{lpxp gh od fkdujh fruuhvsrqgh dx pd{lpxp gh od sodjh gh frgdjh dxwrulvìh sdu
oh frghxu1 Lo hvw doruv srvvleoh txh fhuwdlqv srlqwv vh vlwxhqw dx ghvvxv gh od suhplëuh
elvvhfwulfh1
Hq rxwuh/ fhuwdlqhv lpsxovlrqv shxyhqw jìqìuhu ghv fkdujhv grqw od ydohxu vh vlwxh
dx ghvvxv gh fhwwh suhplëuh elvvhfwulfh gdqv fhuwdlqv fdv g*hpslohphqw1 Fh sureoëph hvw
uìyìodwhxu g*xq gìidxw gh uìjodjh ghv vhxlov gx glvfulplqdwhxu ã iudfwlrq frqvwdqwh1
Dyhf xqh vrxufh doskd g*Dpìulflxp 574
Dq gh whvwhu oh irqfwlrqqhphqw gh fhwwh pìwkrgh gh glvfulplqdwlrq gh sduwlfxohv/ xqh
h{sìulhqfh d ìwì uìdolvìh hq xwlolvdqw xqh vrxufh g*Dpìulflxp 5741 Od vrxufh doskd hvw
sodfìh vrxv xq ylgh sulpdluh hq ylv ã ylv dyhf od idfh g*hqwuìh gx vflqwloodwhxu grqw od
vxuidfh hvw ìjdohphqw frqqhfwìh dx ylgh sulpdluh1 Dlqvl/ o*ìqhujlh ghv doskd q*hvw txh wuëv
shx dwwìqxìh gxudqw ohxu sdufrxuv hqwuh od vrxufh hw od vxuidfh gx vflqwloodwhxu1
Od vìsdudwlrq ghv ghx{ orehv +doskd hw jdppd, v*hhfwxh uhodwlyhphqw elhq frpph
oh prqwuh od jxuh ;1481 Qìdqprlqv/ lo idxw qrwhu txh o*ìqhujlh ghv doskd hvw g*hqylurq
8/78 PhY hw txh fhooh ghv jdppd hvw uhodwlyhphqw idleoh/ sxlvtx*hooh hvw lqiìulhxuh ã
433 nhY1 Fhv uìvxowdwv gh glvfulplqdwlrq shuphwwhqw gh frqfoxuh txdqw ã od fdsdflwì ghv
vflqwloodwhxuv sodvwltxhv ã uìdolvhu xqh glvfulplqdwlrq hqwuh ohv doskd hw ohv jdppd gh idleohv
ìqhujlhv hw txdqw ã od delolwì gx prqwdjh uìdolvì1 Fh w|sh g*h{sìulhqfhv shuphw ìjdohphqw
g*rswlplvhu oh uìjodjh ghv sruwhv whpsruhoohv dq gh uìdolvhu od phloohxuh vìsdudwlrq srvvleoh
ghv orehv oruvtxh oh vflqwloodwhxu hvw sodfì vrxv  x{ pl{wh qhxwurqltxh hw jdppd1
Gdqv oh fdv rü oh ylgh hvw uhpsodfì sdu o*dlu/ vhxov ohv jdppd shxyhqw lqwhudjlu dyhf
oh vflqwloodwhxu1 Frpph oh prqwuh od jxuh ;149/ lo dssdudñw xq vhxo oreh txl fruuhvsrqg
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Ilj1 ;148= Glvfulplqdwlrq sdu od pìwkrgh gh od frpsdudlvrq gh fkdujhv plvh hq rhxyuh
dyhf xq vflqwloodwhxu sodvwltxh grsì dx Eruh vrxplv ã xq  x{ pl{wh doskd hw jdppd













Ilj1 ;149= Vflqwloodwhxu sodvwltxh grsì dx Eruh vrxv ud|rqqhphqw jdppd vhxo1 Pìwkrgh
gh glvfulplqdwlrq sdu frpsdudlvrq gh fkdujhv1
xqltxhphqw dx{ lqwhudfwlrqv +hvvhqwlhoohphqw sdu hhw Frpswrq, hqwuh ohv jdppd hw oh
vflqwloodwhxu1
Dlqvl/ od pìwkrgh gh glvfulplqdwlrq gh sduwlfxohv sdu od pìwkrgh gh od frpsdudlvrq
gh fkdujhv irqfwlrqqh elhq srxu ghv sduwlfxohv d|dqw xq iruw srxyrlu lrqlvdqw frpph
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ohv doskd gh 8/78 PhY1 Hq hhw/ od fkdujh frqwhqxh gdqv od txhxh gh o*lpsxovlrq/ txh fhv
sduwlfxohv hqjhqguhqw/ hvw vx!vdpphqw lpsruwdqwh srxu íwuh glvwlqjxìh gh fhooh suryhqdqw
gh o*lqwhudfwlrq g*xq jdppd dyhf oh vflqwloodwhxu1
Dyhf xqh fhooxoh gx gìwhfwhxu GHPRQ
Dq gh yìulhu od plvh hq rhxyuh gh od fkdñqh ìohfwurqltxh srxu od glvfulplqdwlrq
hqwuh ohv qhxwurqv udslghv hw oh ud|rqqhphqw jdppd/ xq whvw d ìwì uìdolvì dyhf xqh fho0
oxoh gx gìwhfwhxu GHPRQ +GHwhfwhxu PRgxodluh gh Qhxwurq, ^Wlotxlq <8`1 Oh glvsrvl0
wli ìohfwurqltxh h{sìulphqwdo hvw lghqwltxh ã fhoxl xwlolvì suìfìghpphqw srxu od vrxufh
g*Dpìulflxp 5741 Vhxoh od v|qfkurqlvdwlrq ghv vljqdx{ d gþ íwuh gh qrxyhdx dmxvwìh1
Fh gìwhfwhxu xwlolvh xq vflqwloodwhxu rujdqltxh oltxlgh gh w|sh QH546 txl d gh wuëv
erqqhv sursulìwìv gh glvfulplqdwlrq gh sduwlfxohv1 Oh  x{ gh sduwlfxohv xwlolvì srxu fhwwh
h{sìulhqfh hvw xq  x{ pl{wh jdppd hw qhxwurq suryhqdqw g*xqh vrxufh g*DpEh qrq
wkhupdolvìh ìphwwdqw 54; 333 qhxwurqv sdu vhfrqgh hw gdqv ohv 7Z g*dqjoh vrolgh wrwdo1
Od vìsdudwlrq ghv ghx{ jurxshv gh vljqdx{ dssdudñw wuëv qhwwhphqw vxu od jxuh ;14:
rü oh oreh qhxwurq hw oh oreh jdppd qh vh frqirqghqw txh srxu ohv fkdujhv gh idleohv
ydohxuv1 Ohv srlqwv/ vlwxìv dx ghvvxv gh od idplooh fruuhvsrqgdqwh dx{ qhxwurqv udslghv/
surylhqqhqw vrlw gh sduwlfxohv gx ud|rqqhphqw frvpltxh fdu hoohv vrqw soxv iruwhphqw
lrqlvdqwhv hw lqgxlvhqw doruv xqh fkdujh uhwdugìh soxv lpsruwdqwh txh srxu ohv qhxwurqv
udslghv1 Lov shxyhqw íwuh ìjdohphqw olìv ã xq hpslohphqw gþ ã xqh vdwxudwlrq gh o*ìohfwur0
qltxh g*dftxlvlwlrq1 Fhw hpslohphqw fruuhvsrqg ã xqh dfwlylwì frpelqìh qhxwurq hw jdppd
gh od vrxufh DpEh wurs lpsruwdqwh dx uhjdug gh od ylwhvvh gh wudlwhphqw gh o*lqirupdwlrq
sdu ohv frghxuv gh fkdujh xwlolvìv1
Fhwwh h{sìulhqfh d shuplv gh yìulhu txh o*hqvhpeoh gh od fkdñqh ìohfwurqltxh irqfwlrq0
qdlw fruuhfwhphqw hw ìwdlw hq phvxuh gh vìsduhu ohv qhxwurqv gx ud|rqqhphqw jdppd sdu
fhwwh pìwkrgh gh glvfulplqdwlrq frqvlvwdqw ã frpsduhu od fkdujh wrwdoh frqwhqxh gdqv oh
vljqdo hw fhooh frpsulvh gdqv od txhxh gh o*lpsxovlrq1
D od yxh gh fhv uìvxowdwv/ lo dssdudñw qhwwhphqw txh od txdolwì gh fhwwh pìwkrgh gìshqg
ghv sursulìwìv gh glvfulplqdwlrq lqwulqvëtxhv dx vflqwloodwhxu hpsor|ì1 Gh píph/ ohv sur0
sulìwìv gh glvfulplqdwlrq gh sduwlfxohv ghv vflqwloodwhxuv rujdqltxhv oltxlghv dssdudlvvhqw
qhwwhphqw vxsìulhxuhv ã fhoohv ghv vflqwloodwhxuv rujdqltxhv vrolghv/ frpph oh suìvhqwh oh
sdudjudskh vxlydqw1
Dyhf xq vflqwloodwhxu sodvwltxh grsì dx Eruh
Oruvtxh fhwwh pìwkrgh hvw dssoltxìh ã xq vflqwloodwhxu sodvwltxh grsì dx Eruh/ lo
q*dssdudñw txh ghx{ orehv vxu oh vshfwuh suìvhqwì vxu od jxuh ;14;1 Oh vflqwloodwhxu whvwì
hvw xq vflqwloodwhxu sodvwltxh grsì dx Eruh vrxv xq  x{ jdppd hw qhxwurq suryhqdqw
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Lobe des neutrons rapides
Ilj1 ;14:= Glvfulplqdwlrq qhxwurqv udslghv hw jdppd ã o*dlgh g*xqh fhooxoh gh gìwhfwlrq
GHPRQ frqwhqdqw xq vflqwloodwhxu oltxlgh/ oh QH5461
g*xqh vrxufh frqvwlwxìh gh wurlv fkdpeuhv ã vvlrq uhfrxyhuwh g*xq gìs÷w uhsuìvhqwdqw xq
wrwdo gh 6 j g*Xudqlxp 5681 Oh oreh lqiìulhxu fruuhvsrqg dx{ jdppd hw oh oreh vxsìulhxu
dx{ qhxwurqv udslghv1 Vxu fhwwh h{sìulhqfh lo q*d sdv ìwì srvvleoh gh ylvxdolvhu oh oreh
fruuhvsrqgdqw dx{ qhxwurqv wkhupltxhv1
Ohv lrqv doskd hw Olwklxp jìqìuìv gxudqw od fdswxuh gx qhxwurq wkhupltxh sdu oh
qr|dx gh Eruh 43 vh sduwdjhqw xqh ìqhujlh fruuhvsrqgdqw dx T gh od uìdfwlrq/ ã vdyrlu/ dx
plqlpxp 5/6 PhY1 Pr|hqqdqw xq uìjodjh suìflv gh od v|qfkurqlvdwlrq ghv sruwhv whpsr0
uhoohv g*lqwìjudwlrq/ lo hvw srvvleoh gh glvwlqjxhu ohv qhxwurqv wkhupltxhv gx ud|rqqhphqw
jdppd dsuëv xq wudlwhphqw ghv grqqìhv vrxv SDZ1 Oh vflqwloodwhxu whvwì hvw wrxmrxuv xq
vflqwloodwhxu sodvwltxh grsì dx Eruh vrxplv ã xq  x{ jdppd pìodqjì rx qrq dyhf xq  x{
gh qhxwurqv wkhupltxhv suryhqdqw g*xqh vrxufh g*DpEh wkhupdolvìh1
Frpph oh prqwuh od jxuh ;14</ od sduwlh gx vshfwuh fruuhvsrqgdqw dx{ qhxwurqv
wkhupltxhv vh vlwxh gdqv xq oreh hq edv gh vshfwuh1 Oh oreh jdppd/ vlwxì dx ghvvrxv gx
oreh fruuhvsrqgdqw dx{ qhxwurqv wkhupltxhv/ grplqh od suhplëuh elvvhfwulfh gh wrxwhv fhv
jxuhv1 Od sur{lplwì gx oreh fruuhvsrqgdqw dx{ qhxwurqv wkhupltxhv dyhf oh gìexw gx
vshfwuh hqwudñqh ghv sureoëphv gh vìsdudwlrqv ghv vljqdx{1 Gdqv oh fdv g*xq vflqwloodwhxu
sodvwltxh qrq grsì/ lo q*dssdudñw tx*xq vhxo oreh txl fruuhvsrqg dx{ jdppd/ frpph oh
prqwuh od jxuh ;1531
Uìvxowdw dyhf oh prqwdjh pl{wh dqdorjltxh 0 qxpìultxh
O*rvfloorjudpph ;154 suìvhqwh ohv vljqdx{ revhuydeohv hq xwlolvdqw fh prqwdjh pl{wh1
Oh fdqdo 6 uhsuìvhqwh od sruwh whpsruhooh xwlolvdqw oh frgdjh1 Oh vljqdo suìvhqw vxu oh fd0
qdo 4 fruuhvsrqg ã od fkdujh wrwdoh1 Oh fdqdo 5 fruuhvsrqg ã od sduwlh uhwdugìh gh od fkdujh/
f*hvw ã gluh od sduwlh gx vljqdo txl d ìwì glìuhqflìh sdu oh prqwdjh ìohfwurqltxh1 Fhv ghx{
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Ilj1 ;153= Fdv g*xq vflqwloodwhxu qrq grsì vrxplv ã xq  x{ pl{wh gh qhxwurqv wkhupltxhv
hw jdppd1
486
FKDSLWUH ;1 GLVFULPLQDWLRQ QHXWURQ 0 JDPPD
ghuqlhuv vljqdx{ grlyhqw íwuh lpsìudwlyhphqw frpsulv dx vhlq gh od sruwh whpsruhooh g*dx0
wrulvdwlrq gx frgdjh1 Oh vljqdo glìuhqflì/ pdojuì od srodulvdwlrq dssoltxìh dx wudqvlvwru
QSQ suìvhqwh xq oìjhu ryhuvkrrw txl q*hvw sdv qxpìulvì fdu lo vh vlwxh hq ghkruv gh od
sruwh whpsruhooh dxwrulvdqw oh frgdjh1
Ilj1 ;154= Rvfloorjudpph ghv vljqdx{ suryhqdqw gx glvsrvlwli ìohfwurqltxh gìfulw suìfì0
ghpphqw1 Oh fdqdo 4 fruuhvsrqg ã od yrlh fkdujh wrwdoh/ oh fdqdo 5 ã od yrlh fkdujh
uhwdugìh hw oh fdqdo 6 uhsuìvhqwh od sruwh dxwrulvdqw oh frgdjh ghv frqyhuwlvvhxuv1
Oh vshfwuh txl hvw suìvhqwì vxu od jxuh ;155 fruuhvsrqg ã xqh vrxufh gh Fìvlxp 46:
vhxoh1 Fh vshfwuh elglphqvlrqqho hq fkdujh qh glvsrvh txh gx oreh jdppd vlwxì dxwrxu gh od
suhplëuh elvvhfwulfh1 Hq suìvhqfh g*xqh vrxufh doskd g*Dpìulflxp 574/ od vìsdudwlrq hqwuh
oh oreh fruuhvsrqgdqw dx{ doskd hw fhoxl fruuhvsrqgdqw dx{ jdppd v*hhfwxh dlvìphqw/
frpph oh prqwuh od jxuh ;1561
Vl od vrxufh doskd hvw sodfìh ã sur{lplwì gx gìwhfwhxu hq suìvhqfh g*xqh vrxufh gh
qhxwurqv/ xq oreh vxssoìphqwdluh dssdudñw dx idleoh fdqdx{ vxu od jxuh ;1571 Fh oreh/
uhodwlyhphqw elhq orfdolvì/ fruuhvsrqg dx{ qhxwurqv wkhupltxhv txl rqw lqwhudjl dyhf oh
vflqwloodwhxu1 Oh oreh fruuhvsrqgdqw dx{ doskd gh o*Dpìulflxp shxw wrxmrxuv íwuh revhuyì
vxu fhwwh píph jxuh ;157 dx{ píphv fdqdx{ txh fhx{ suìvhqwìv vxu od jxuh ;1561 Oh
prqwdjh ìohfwurqltxh grlw íwuh dpìolruì qrwdpphqw hq fh txl frqfhuqh vrq lppxqlwì ylv
ã ylv gx euxlw hw ghv shuirupdqfhv hq whuph gh vìsdudwlrq gh vljqdo1
;1717 Shuirupdqfhv gh od pìwkrgh gh glvfulplqdwlrq
Ohv olplwhv gh  x{ gh sduwlfxohv gìshqghqw gh od fdsdflwì ghv frghxuv ã vxlyuh oh  x{
g*lqirupdwlrq1 Vxu xqh edvh g*xq whpsv gh frgdjh pr|hq gh 43 >v sdu ìyëqhphqw/ od
olplwh gh  x{ vh vlwxh ã 433 nK}1 Gh soxv/ fhwwh pìwkrgh gh glvfulplqdwlrq qìfhvvlwh xq
wudlwhphqw kruv0oljqh ghv lqirupdwlrqv srxu ohv uhqguh h{sorlwdeohv/ qrwdpphqw hq fh txl
frqfhuqh od erqqh vìsdudwlrq ghv qhxwurqv wkhupltxhv gx ud|rqqhphqw jdppd1
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Ilj1 ;155= Vflqwloodwhxu sodvwltxh grsì dx Eruh vrxv ud|rqqhphqw jdppd vhxo1 Plvh hq















Ilj1 ;156= Vflqwloodwhxu sodvwltxh grsì dx Eruh vrxv ud|rqqhphqw doskd hw jdppd g*xqh
vrxufh g*Dpìulflxp 5741
Ohv vrxufhv qhxwurqltxhv xwlolvìhv frqgxlvhqw ã ghv gìelwv gh grvh qhxwurqltxh hw
jdppd txl vrqw frqvljqìh gdqv oh wdeohdx ;151
 !"#$
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Wdeohdx ;15= Gìelwv gh grvh qhxwurqltxhv hw jdppd ghv vrxufhv xwlolvìhv
D od oxplëuh gh fhv dfwlylwìv hw ghv shuirupdqfhv/ wdqw gh od pìwkrgh dqdorjltxh txh
gh od pìwkrgh qxpìultxh/ lo dssdudñw gl!floh g*xwlolvhu fhv gìwhfwhxuv dyhf ghv qlyhdx{
udglrorjltxhv lpsruwdqwv1 Hq hhw/ od glvfulplqdwlrq gh sduwlfxohv qh shuphw sdv g*dffhswhu
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Ilj1 ;157= Vflqwloodwhxu sodvwltxh grsì dx Eruh vrxv xq  x{ pl{wh gh qhxwurqv/ g*doskd hw
gh jdppd1 Glvfulplqdwlrq qhxwurq 0 doskd hw jdppd1
ghv qlyhdx{ udglrorjltxhv ìohyìv ã fdxvh gx wudlwhphqw gh o*lqirupdwlrq qìfhvvdluh1
;1718 Frqfoxvlrqv
Hq gìqlwlyh/ od pìwkrgh qxpìultxh irqfwlrqqh dyhf ohv vflqwloodwhxuv sodvwltxhv grsìv
dx Eruh vl o*ìqhujlh ghv sduwlfxohv ã gìwhfwhu +sdu h{hpsohv/ sduwlfxohv doskd gh 8/7 PhY,
hvw vx!vdqwh srxu lqgxluh xqh fkdujh phvxudeoh hw vìsdudeoh gx euxlw gh irqg jdppd1
Hq suìvhqfh g*xq  x{ pl{wh jdppd hw qhxwurqltxh/ fhwwh pìwkrgh qh shuphw sdv gh
glvwlqjxhu dlvìphqw ohv qhxwurqv wkhupltxhv ghv ghx{ dxwuhv idploohv gh sduwlfxohv +jdppd
hw qhxwurqv udslghv,1 Gh soxv/ fhwwh pìwkrgh lpsrvh od uìdolvdwlrq g*xq wudlwhphqw ghv
grqqìhv sduwlfxolhu hw grqf g*xqh dqdo|vh kruv oljqh/ fh txl od uhqg gl!flohphqw xwlolvdeoh
vxu xqh oljqh lqgxvwulhooh gh phvxuh1
Od glvfulplqdwlrq hqwuh ohv qhxwurqv hw ohv jdppd hvw gl!floh lqwulqvëtxhphqw srxu ohv
vflqwloodwhxuv sodvwltxhv grsìv dx Eruh1 Qìdqprlqv/ od pìwkrgh dqdorjltxh glwh gx sdvvdjh
sdu }ìur shuphw gh vìsduhu gh idêrq vdwlvidlvdqwh ohv qhxwurqv udslghv/ ghv jdppd hw ghv
qhxwurqv wkhupltxhv1 Od pìwkrgh qxpìultxh shuphw gh vìsduhu uhodwlyhphqw idflohphqw
ohv qhxwurqv udslghv gx ud|rqqhphqw jdppd hw gh idêrq ehdxfrxs prlqv ìylghqwh ohv
qhxwurqv wkhupltxhv gx ud|rqqhphqw jdppd1 Ghv h{sìulhqfhv frpsoìphqwdluhv grlyhqw
dyrlu olhx hq fh vhqv dq g*dpìolruhu ohv olplwhv gh gìwhfwlrq hw gh whvwhu ohv fdsdflwìv
gh glvfulplqdwlrq ghv vflqwloodwhxuv sodvwltxhv grsìv dx Eruh oruvtx*lov vrqw vrxplv ã ghv
idlvfhdx{ gh qhxwurqv udslghv gh iruwhv ìqhujlhv +sdu h{hpsoh dxsuëv g*xq dffìoìudwhxu
shuphwwdqw g*rewhqlu ghv qhxwurqv gh 47 PhY,1
Sdu dloohxuv/ ohv qhxwurqv wkhupltxhv shxyhqw íwuh dlvìphqw vìsduìv ghv dxwuhv sduwl0
fxohv sdu xqh dqdo|vh hq dpsolwxgh +Fi1 fkdslwuh 9,1 O*ìqhujlh oleìuìh sdu od uìdfwlrq gh
fdswxuh hvw wrxmrxuv od píph/ dlqvl od uìpdqhqfh gh fh vljqdo oxl shuphw/ pdojuì vd idleoh




Frpswh whqx gh ohxuv shuirupdqfhv srxu od gìwhfwlrq gh qhxwurqv wkhupltxhv/ ohv
vflqwloodwhxuv sodvwltxhv grsìv dx Eruh shxyhqw íwuh xwlolvìv gdqv ghv glvsrvlwliv qìfhvvl0
wdqw xqh iruwh h!fdflwì gh gìwhfwlrq qhxwurqltxh1 D fdxvh gh ohxu vhqvlelolwì ylv ã ylv gx
ud|rqqhphqw jdppd/ fhv vflqwloodwhxuv grsìv vrqw fdqwrqqìv dx{ dssolfdwlrqv gdqv ohv0
txhoohv o*lqwhqvlwì gx ud|rqqhphqw sdudvlwh shuphw hqfruh gh uìdolvhu xqh glvfulplqdwlrq
gh sduwlfxohv1 Gdqv fh fkdslwuh/ glìuhqwhv dssolfdwlrqv srvvleohv vrqw suìvhqwìhv1
<14 Phvxuh ghv ìphwwhxuv qhxwurqv gdqv ohv iþwv gh
gìfkhwv1
<1414 Jìqìudolwìv vxu ohv pxowlsolflwìv qhxwurqltxhv
Oruv ghv phvxuhv gdqv ohv dwholhuv wudlwdqw ohv gìfkhwv ã od FRJHPD/ o*h{sorlwdqw grlw
íwuh hq phvxuh gh grqqhu od txdqwlwì g*dfwlqlghv uìvlgxhooh suìvhqwh gdqv ohv iþwv tx*lo
d/ vrlw wudlwìv/ vrlw jìqìuìv1 Wrxv ohv qhxwurqv gìwhfwìv hq suryhqdqfh gx iþw gh gìfkhwv
qh vrqw sdv lvvxv gh vvlrqv vsrqwdqìhv1 Lov qh vrqw grqf sdv wrxv fdudfwìulvwltxhv ghv
dfwlqlghv uìvlgxhov suìvhqwv1 Hq hhw/ ohv dfwlqlghv vrqw wrxv ìphwwhxuv doskd1 Ru ohv iþwv
gh gìfkhwv frqwlhqqhqw iuìtxhpphqw ghv frpsrvìv gh ] shx ìohyì1 Fh vrqw w|sltxhphqw
ghv pdwìuldx{ suryhqdqw ghv owuhv hq fhooxorvh rx ghv eåfkhv hq ylq|oh xwlolvìv srxu o*h{0
sorlwdwlrq rx od pdlqwhqdqfh gh o*xvlqh1 Gëv oruv/ ghv uìdfwlrqv +k/q, shxyhqw vh surgxluh
frpph fhoohv suìvhqwìhv vxu ohv wdeohdx{ vlwxìv hq dqqh{hD1 D fkdfxqh gh fhv uìdfwlrqv/
vhxo xq qhxwurq hvw ìplv1 Ohv qhxwurqv ìplv oruv gh fhv uìdfwlrqv qxfoìdluhv vrqw wrxv
gìfruuìoìv whpsruhoohphqw ohv xqv sdu udssruw dx{ dxwuhv1
Fkdtxh vvlrq vsrqwdqìh oleëuh soxv g*xq qhxwurq1 Oh qrpeuh gh qhxwurqv ìplv oruv
g*xqh uìdfwlrq gh vvlrq lqgxlwh rx vsrqwdqìh fruuhvsrqg ã od pxowlsolflwì gh o*ìplvvlrq
qhxwurqltxh1 Ru/ fkdtxh lvrwrsh ìphw xq qrpeuh gh qhxwurqv txl oxl hvw sursuh frpph
oh prqwuh od jxuh <151 Fhwwh lqirupdwlrq/ xqh irlv wudlwìh shuphw grqf gh uhprqwhu ã
od pdvvh g*lvrwrsh vvloh suìvhqwh gdqv oh iþw gh gìfkhwv1 Hq hhw/ ã fkdtxh qrpeuh gh
qhxwurqv ìplv vlpxowdqìphqw hvw dvvrflìh xqh fhuwdlqh suredelolwì frpph prqwuì vxu ohv
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wdeohdx{ vlwxìv hq dqqh{h D1 Fhuwdlqv sdudpëwuhv/ qrwdpphqw frqfhuqdqw oh pìodqjh gh
iruwh pdvvh g*dfwlqlghv/ shxyhqw lqgxluh xqh dxjphqwdwlrq hw xqh glplqxwlrq ghv pxowl0
solflwìv hw gh ohxuv suredelolwìv dvvrflìhv1
Od fdudfwìulvwltxh uhfkhufkìh ã o*dlgh gh fhwwh whfkqltxh gh phvxuh hvw oh qrpeuh gh
qhxwurqv fròqflghqwv uìhoohphqw ìplv/ f*hvw ã gluh oh qrpeuh gh grxeohwv/ gh wulsohwv/ gh
txdguxsohwv/ hwf/ tx*lo hvw srvvleoh gh frqvwlwxhu dyhf 5/ 6/ 7 qhxwurqv rx soxv gìwhfwìv
^Slfnuhoo <:`1 D wlwuh g*h{hpsoh/ ohv ìtxdwlrqv <14/ <15 hw <16 grqqhqw uhvshfwlyhphqw
oh qrpeuh gh vlqjxohw +V,/ gh grxeohw +G, hw gh wulsohw +W, hq irqfwlrq gh glìuhqwv
sdudpëwuhv h{sìulphqwdx{ hw sk|vltxhv gh od vrxufh qhxwurqltxh dqdo|vìh1
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Rü ohv sdudpëwuhv vrqw =
 8 hvw oh wdx{ gh vvlrq vlpsoh/
 0 hvw o*h!fdflwì gx gìwhfwhxu/
 s # hvw od iudfwlrq whpsruhooh gh od grxeoh sruwh fròqflghqwh/
 s ( hvw od iudfwlrq whpsruhooh gh od wulsoh sruwh fròqflghqwh/
  hvw oh wdx{ gh shuwh gh o*ìfkdqwloorq gþ ã o*dxwrpxowlsolfdwlrq/
 k hvw oh udwlr hqwuh ohv uìdfwlrqv +k/q, hw ohv vvlrqv vsrqwdqìhv/
 D  $* hvw oh l0ëph prphqw ghv vvlrqv vsrqwdqìhv/
 D &+, hvw oh q0ëph prphqw ghv vvlrqv lqgxlwhv1
Ohv lqfhuwlwxghv vh udssruwdqw ã od phvxuh ghv pxowlsolflwìv qhxwurqltxhv lpsoltxh od
frqqdlvvdqfh ghv lqfhuwlwxghv frqfhuqdqw od pdvvh qdoh hvwlpìh g*ìtxlydohqw Soxwrqlxp
^Kddv <;`1
O*xwlolvdwlrq gh vflqwloodwhxuv sodvwltxhv grsìv dx Eruh lqgxlw xqh h!fdflwì gh gìwhfwlrq
txl hvw dpìolruìh g*xq idfwhxu 5/91 Ru od phvxuh gh pxowlsolflwìv +q, ydulh frpph od
sxlvvdqfh q0lëph gh o*h!fdflwì/ grqf od phvxuh joredoh gh pxowlsolflwì hvw dpìolruìh g*xq
idfwhxu vxsìulhxu ã 9/:9 srxu xqh phvxuh gh grxeohw1 Sdudooëohphqw/ od gxuìh gh ylh gx
qhxwurq hvw glplqxìh gdqv od fhooxoh gh phvxuh sdu o*hpsorl gh fh w|sh gh vflqwloodwhxu1 Ru
fh sdudpëwuh lq xh vxu od phvxuh qdoh ghv pxowlsolflwìv sxlvtx*lo lpsrvh od odujhxu ghv
sruwhv gh fròqflghqfh whpsruhoohv ã xwlolvhu1 Od jxuh <14 suìvhqwh o*ìyroxwlrq gx frpswdjh
qhw ghv pxowlsolflwìv hq irqfwlrq gh od yduldwlrq gh od gxuìh gh ylh gx qhxwurq1 Soxv od
48;
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gxuìh gh ylh gx qhxwurq hvw idleoh soxv oh pd{lpxp gh od irqfwlrq uhsuìvhqwdqw oh frpswdjh
qhw ghv pxowlsolflwìv hvw dwwhlqw srxu ghv suì0uhwdug hw ghv whpsv gh fròqflghqfh idleohv1
Dlqvl o*xwlolvdwlrq ghv vflqwloodwhxuv sodvwltxhv grsìv dx Eruh hvw vxvfhswleoh g*dpìolruhu



































Ilj1 <14= Hyroxwlrq gh od phvxuh gh pxowlsolflwìv hq irqfwlrq gh od gxuìh gh ylh gx qhxwurq
gdqv od fhooxoh gh phvxuh1 Od ydohxu 433 >v uhsuìvhqwh ohv glvsrvlwliv ã edvh g*Kìolxp 6
hw od ydohxu 43 >v uhsuìvhqwh ohv glvsrvlwliv xwlolvdqw ghv vflqwloodwhxuv sodvwltxhv grsìv dx
Eruh1
Oh sdudjudskh vxlydqw suìvhqwh soxvlhxuv dojrulwkphv gh fdofxo txl shuphwwhqw/ ã sduwlu
gh od phvxuh ghv pxowlsolflwìv qhxwurqltxhv/ gh gìgxluh od pdvvh g*dfwlqlghv suìvhqwh gdqv
o*ìfkdqwloorq dqdo|vì1
<1415 Dojrulwkphv glvsrqleohv
D o*dlgh g*dojrulwkphv gh w|sh UGPQ rx WFD/ lo hvw srvvleoh gh gìwhuplqhu xq qrpeuh
gh qhxwurqv wrwdx{/ fròqflghqwv rx uìhov ìplv sdu vhfrqgh txl vrqw uhsuìvhqwdwliv gh od
pdvvh hq lvrwrshv sdluv gx Soxwrqlxp1 Fh w|sh g*dojrulwkph grqqh ghv uìvxowdwv h{sorl0
wdeohv dyhf ghv fhooxohv gh phvxuhv glvsrvdqw g*xqh h!fdflwì wrwdoh gh gìwhfwlrq g*dx prlqv
43 ( ^Odlvqh <<`1
O*dojrulwkph UGPQ
O*dojrulwkph UGPQ xwlolvh od wkìrulh gh Erkqho1 Lo irxuqlw ohv pxowlsolflwìv uìhoohv
txl uhsuìvhqwhqw oh qrpeuh gh vvlrqv vsrqwdqìhv d|dqw jìqìuì  qhxwurqv1 Lo hvw edvì vxu
xqh phvxuh ghv pxowlsolflwìv +uìhoohv . dfflghqwhoohv, hw +dfflghqwhoohv,1 Oh v|vwëph gh
frpswdjh uìdolvh od gdwdwlrq qhxwurqltxh hq xwlolvdqw ghv uhjlvwuhv ã gìfdodjh1 Oh wdx{ gh
frpswdjh pd{lpdo dgplvvleoh hvw doruv gh 633 333 lpsxovlrqv sdu vhfrqgh ^Odlvqh <<`1
 Vxu xqh suhplëuh yrlh +glwh gh fròqflghqfhv uìhoohv soxv dfflghqwhoohv,/ fkdtxh lp0
sxovlrq hvw plvh hq fròqflghqfh dyhf ohv dxwuhv/ shqgdqw oh whpsv gh fròqflghqfh
48<
FKDSLWUH <1 DSSOLFDWLRQV
  fkrlvl vxu ghx{ yrlhv gh frpswdjh glìuhqwhv1 Wurlv sdudpëwuhv gìqlvvhqw fh
irqfwlrqqhphqw = od iuìtxhqfh gx uhjlvwuh +l1h1 iuìtxhqfh g*rxyhuwxuh ghv ihqíwuhv
whpsruhoohv,/ od gxuìh gh fkdtxh ihqíwuh hw od gxuìh vìsdudqw ghx{ rxyhuwxuhv gh
ihqíwuhv whpsruhoohv srxu od phvxuh ghv lpsxovlrqv dfflghqwhoohv1
 Vxu xqh vhfrqgh yrlh +glwh gh fròqflghqfhv dfflghqwhoohv,/ fkdtxh lpsxovlrq hvw plvh
hq fròqflghqfh dyhf ohv lpsxovlrqv txl dssdudlvvhqw dsuëv xq orqj uhwdug1 Fh uhwdug
ydxw w|sltxhphqw gh o*ruguh gh od ploolvhfrqgh1
Od glìuhqfh gh frpswdjh hqwuh fhv ghx{ yrlhv hvw sursruwlrqqhooh dx qrpeuh gh sdluhv
gh qhxwurqv lvvxhv ghv vvlrqv vsrqwdqìhv1
O*dojrulwkph WFD
O*dojrulwkph WFD xwlolvh od wkìrulh gh Mdftxhvvrq1 Lo frqvlvwh ã rxyulu xqh vìulh gh
ihqíwuhv gh gxuìhv gìqlhv ã fkdtxh lpsxovlrq qhxwurqltxh1 Fhwwh pìwkrgh hvw xwlolvìh
sulqflsdohphqw srxu ohv idleohv wdx{ gh frpswdjh +lqiìulhxuv ã 8333 frxsv sdu vhfrqgh,1
Gdqv wrxwhv ohv ihqíwuhv/ ohv qhxwurqv vrqw frpswìv shqgdqw xq whpsv {ì gh idêrq ã fh
txh =
 Vxu xqh suhplëuh yrlh/ wrxwhv ohv lpsxovlrqv vrlhqw hquhjlvwuìhv1 Fhwwh yrlh gh phvxuh
fruuhvsrqg ã xq whpsv pruw qìjoljhdeoh1
 Vxu xqh ghx{lëph yrlh/ oh whpsv pruw hvw sdudpìwudeoh hw gh o*ruguh gh judqghxu gh
od gxuìh gh ylh gx qhxwurq gdqv od fhooxoh gh phvxuh1 Ohv qhxwurqv gìfruuìoìv dyhf
xq qhxwurq gìwhfwì +fdv gh od vvlrq vsrqwdqìh, qh vrqw grqf sdv hquhjlvwuìv1
Od glìuhqfh gh frpswdjh hqwuh ohv ghx{ yrlhv hvw grqf uhsuìvhqwdwlyh gx qrpeuh gh
vvlrqv vsrqwdqìhv1
Lo hvw ìjdohphqw srvvleoh gh phwwuh hq rhxyuh ghv ìfkhoohv gh pxowlsolflwìv txl shu0
phwwhqw g*hquhjlvwuhu dyhf xq uhjlvwuh ã gìfdodjh ghv klvwrjudpphv uhsuìvhqwdqw oh qrpeuh
gh irlv rü rqw ìwì gìwhfwìv 3/ 4/ 5/ 6/ hwf1 qhxwurqv hq fròqflghqfh vxu xq lqwhuydooh gh whpsv
{ì1 D o*lvvx gx frpswdjh/ lo hvw doruv srvvleoh g*h{wudluh xqh judqghxu sursruwlrqqhooh
ã od txdqwlwì g*ìphwwhxuv qhxwurqltxhv lqgìshqgdqwh ghv wdx{ g*ìplvvlrq +k/q, hw ghv
ìyhqwxhov hhwv pxowlsolfdwliv gxv ã od pdvvh1 Srxu fhwwh pìwkrgh/ lo hvw vrxkdlwdeoh gh
glvsrvhu g*xqh fhooxoh gh phvxuh dyhf xqh h!fdflwì gh gìwhfwlrq vxsìulhxuh ã 48 (1
<1416 Pìwkrgh gh phvxuh
O*h!fdflwì gh gìwhfwlrq gh od fhooxoh/ dlqvl txh ohv ìyhqwxhov hhwv gh pdwulfhv hw gh
pxowlsolfdwlrq hq fdv gh iruwh pdvvh gh Soxwrqlxp grlyhqw ìjdohphqw íwuh sulv hq frpswh1
Hq hhw/ oh fdofxo gh od pdvvh gh Soxwrqlxp 573 ìtxlydohqwh grlw whqlu frpswh ghv hhwv
pxowlsolfdwliv gxv ã od phvxuh gh iruwhv txdqwlwìv gh Soxwrqlxp1 Fhw hhw surylhqw ghv
vvlrqv lqgxlwhv vxu ghv qr|dx{ vvlohv sdu ohv qhxwurqv suryhqdqw gh vvlrqv vsrqwdqìhv1
Oh qrpeuh wrwdo gh qhxwurqv ìplv +qhxwurqv suryhqdqw ghv vvlrqv vsrqwdqìhv hw qhxwurqv
suryhqdqw ghv vvlrqv lqgxlwhv, vh wurxyh doruv g*dxwdqw soxv lpsruwdqw txh od ghqvlwì gh
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qr|dx{ vvlohv hvw lpsruwdqwh1 Fhw hhw hvw grqf txdolì g*hhw pxowlsolfdwli olì ã od pdvvh1
qdohphqw/ lo h{lvwh doruv wurlv ruljlqhv srvvleoh srxu ohv qhxwurqv ìplv1 Lov surylhqqhqw vrlw
ghv vvlrqv vsrqwdqìhv/ vrlw ghv vvlrqv lqgxlwhv rx vrlw ghv uìdfwlrqv +k/q,1 O*lqirupdwlrq
suryhqdqw ghv vvlrqv vsrqwdqìhv hvw od soxv lpsruwdqwhv hw gdqv xqh prlqguh phvxuh
fhooh suryhqdqw ghv vvlrqv lqgxlwhv1 Sdu frqwuh/ ohv qhxwurqv lvvxv gh uìdfwlrq +k/q, qh
uhqvhljqhqw sdv vxu od txdqwlwì g*dfwlqlghv suìvhqwh gdqv oh iþw gh gìfkhwv ìwxglì1
Gh sduw oh sulqflsh gh irqfwlrqqhphqw gh fhv pìwkrghv gh phvxuh/ od gxuìh gh ylh
gx qhxwurq gdqv o*hqvhpeoh gh gìwhfwlrq hvw wuëv lpsruwdqw hw uhsuìvhqwh xq sdudpëwuh
vhqvleoh gh fh w|sh gh phvxuh1 Hq hhw/ ohv odujhxuv ghv sruwhv whpsruhoohv xwlolvìhv srxu
od plvh hq fròqflghqfh ghv ìyëqhphqwv qhxwurqltxhv gìshqghqw gluhfwhphqw gx whpsv txh
phw xq qhxwurq ã íwuh gìwhfwì sdu xqh uìdfwlrq gh fdswxuh/ dsuëv dyrlu sìqìwuì oh glvsrvlwli
gh gìwhfwlrq1
Od frpsrvlwlrq lvrwrsltxh gx Soxwrqlxp suìvhqw gdqv oh iþw gh gìfkhwv mrxh xq u÷oh
wuëv lpsruwdqw srxu od gìwhuplqdwlrq suìflvh gh od txdqwlwì gh pdwlëuh uìvlgxhooh suìvhqwh1
Gdqv od soxsduw ghv fdv/ xqh vshfwurvfrslh jdppd gx iþw hvw uìdolvìh suìdodeohphqw ã
oh phvxuh qhxwurqltxh1 Frpph ohv udlhv jdppd vrqw fdudfwìulvwltxhv ghv udglrìoìphqwv
suìvhqwv hw txh ohxuv lqwhqvlwìv vrqw ìjdohphqw xqh irqfwlrq gh od txdqwlwì suìvhqwh/ lo hvw
srvvleoh gh gìwhuplqhu od frpsrvlwlrq lvrwrsltxh/ sdu h{hpsoh gx Soxwrqlxp frqvwlwxdqw
oh gìfkhw dqdo|vì1
Ghv orjlflhov frpph PJD rx LJS shuphwwhqw gh gìfrqyroxhu ohv vshfwuhv hw g*rewhqlu
od frpsrvlwlrq lvrwrsltxh gx Soxwrqlxp +srxu oh orjlflho PJD, rx gh o*Xudqlxp +srxu oh
orjlflho LJS, ã sduwlu g*xq vshfwuh jdppd1
Xqh dxwuh dssurfkh frqvlvwh ã xwlolvhu ghv frghv gh fdofxo edvìv vxu o*h{sìulhqfh1 Hooh
frqvlvwh ã whqlu frpswh gh o*klvwrluh yìfxh sdu oh frpexvwleoh +whpsv gh suìvhqfh gdqv
oh frhxu gx uìdfwhxu/ wdx{ frpexvwlrq/ hwf1, hw gh uhprqwhu dlqvl/ sdu fdofxo/ ã o*dfwlylwì
vhorq ohv lvrwrshv suìvhqwv1
O*hqvhpeoh gh od surfìgxuh gh phvxuh ghv frolv gh gìfkhwv sdu frpswdjh qhxwurqltxh
sdvvli hvw gìfulw gdqv od qruph DIQRU
 
QI P 9306391 Fhwwh qruph uhsuhqg o*hqvhpeoh
ghv whfkqltxhv gh phvxuh xwlolvdeohv/ ohv olplwhv gh gìwhfwlrqv/ od pìwkrgh ã dssoltxhu/
dlqvl txh ohv sdudpëwuhv fulwltxhv ghv pìwkrghv1
<1417 Sulqflsh gh plvh hq rhxyuh gx glvsrvlwli gh gìwhfwlrq
Xqh uìdolvdwlrq g*xq glvsrvlwli srvvleoh phwwudlw hq rhxyuh o*ìohfwurqltxh gìfulwh gdqv
fh sdudjudskh1
Od phvxuh ghv pxowlsolflwìv qhxwurqltxhv lpsoltxh xqh h!fdflwì gh gìwhfwlrq txl grlw
íwuh od soxv lpsruwdqwh srvvleoh1 Oh gìwhfwhxu grlw grqf glvsrvhu g*xqh wuëv erqqh vhq0
vlelolwì dx{ qhxwurqv hw g*xqh jìrpìwulh shuphwwdqw gh frxyulu dx plhx{ ohv 7Z g*dqjoh
!
Djhqfh Iudqêdlvh gh QRUpdolvdwlrq
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Ilj1 <15= Hyroxwlrq ghv pxowlsolflwìv qhxwurqltxhv hq irqfwlrq gx udglrìoëphqw1
vrolgh1 Xq sureoëph frqvlvwh hq od ideulfdwlrq hw od plvh hq rhxyuh gh vflqwloodwhxuv grsìv
gh judqghv glphqvlrqv1
Oh glvsrvlwli suìolplqdluh hvw frqvwlwxì gh ghx{ vflqwloodwhxuv lqvwdooìv hq ylv ã ylv
frpph gìfulw vxu od jxuh <161 Xq skrwrpxowlsolfdwhxu hvw lqvwdooì dx{ ghx{ h{wuìplwìv
ghv vflqwloodwhxuv1 Fh prqwdjh shuphw gh froohfwhu wrxv ohv skrwrqv gh vflqwloodwlrq ìplv txl
q*rqw sdv ìwì dxwr0devrueìv sdu oh vflqwloodwhxu1 Od vrpph ghv ghx{ vljqdx{ shuphw grqf
gh frqqdñwuh od txdqwlwì gh skrwrqv gh vflqwloodwlrq ìplv doruv txh od glìuhqfh shuphw gh
frqqdñwuh oh olhx g*ìplvvlrq gh fhv píphv skrwrqv1 Hq frpelqdqw fhv ghx{ lqirupdwlrqv/ lo
hvw srvvleoh gh frqqdñwuh oh qrpeuh wrwdo uìho gh skrwrqv ìplv hq whqdqw frpswh gx fkhplq
rswltxh vxlyl sdu ohv ghx{ jurxshv gh skrwrqv1 Od frqqh{lrq rswltxh hqwuh oh vflqwloodwhxu
hw ohv skrwrpxowlsolfdwhxuv hvw dvvxuìh sdu xq jxlgh gh oxplëuh ã edvh g*Dowxjodvv1
Frpswh whqx gh vhv shuirupdqfhv gh glvfulplqdwlrq qhxwurq jdppd/ oh prgxoh Q:48
d ìwì fkrlvl dq gh uìdolvhu od vìsdudwlrq hqwuh ohv vljqdx{ suryhqdqw ghv jdppd hw fhoxl
suryhqdqw ghv qhxwurqv frpph oh prqwuh od jxuh <171 Fkdtxh prgxoh Q:48 hvw suìyx
srxu irqfwlrqqhu dyhf ghx{ skrwrpxowlsolfdwhxuv1 Od vruwlh gh fkdfxq gh fhv prgxohv
ydolgh ohv ìyëqhphqw yxv frpph ìwdqw ghv ìyëqhphqwv qhxwurqv1 Hooh hvw frqqhfwìh ã xqh
hqwuìh gh od fduwh DPQ 43 +Hxulv|v Phvxuhv, txl uìdolvh doruv od gdwdwlrq ghv qhxwurqv hw
o*dqdo|vh ghv pxowlsolflwìv ghv qhxwurqv gìwhfwìv1
Fhwwh fduwh hvw frxsoìh ã xq orjlflho LQWHUZLQQHU QHXWURQ txl shuphw gh gì0
gxluh frpswh whqx gh o*h!fdflwì gx gìwhfwhxu/ ghv sdudpëwuhv frqfhuqdqw od frpsrvlwlrq
lvrwrsltxh gx frolv hw gh od jìrpìwulh gh o*ìfkdqwloorq od txdqwlwì g*dfwlqlghv suìvhqwh gdqv
o*ìfkdqwloorq dqdo|vì1
Od sulqflsdoh gl!fxowì uìvlgh gdqv od vìsdudwlrq gx vljqdo suryhqdqw ghv qhxwurqv
wkhupltxhv gh fhoxl suryhqdqw gx euxlw gh irqg jdppd hqylurqqdqw1 Fhwwh rsìudwlrq hvw
uìdolvìh juåfh dx{ prgxohv Q:481
Oh glvsrvlwli xwlolvh ghv vflqwloodwhxuv grqw od orqjxhxu hvw gh 58 fp1 Dlqvl/ ohv skrwrqv
jìqìuìv sdu ohv ìyëqhphqwv gh fdswxuh q*rqw sdv xq wudmhw oxplqhx{ wuëv orqj ã sdufrxulu
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<141 PHVXUH GHV ÌPHWWHXUV QHXWURQV GDQV OHV IÞWV GH
GÌFKHWV1
Ilj1 <16= Vfkìpd gx glvsrvlwli gh whvw suìolplqdluh shuphwwdqw gh phvxuhu ohv pxowlsolflwìv
qhxwurqltxhv1
Ilj1 <17= Prqwdjh gx glvsrvlwli shuphwwdqw gh phvxuhu ohv pxowlsolflwìv qhxwurqltxhv
dydqw g*íwuh froohfwìv sdu od skrwrfdwkrgh g*xq skrwrpxowlsolfdwhxu1 Hq hhw/ od orqjxhxu
gh ghpl0dwwìqxdwlrq srxu fh w|sh gh vflqwloodwhxu grsì qh gìsdvvh sdv txhotxhv gl}dlqhv gh
fp1 Ru ohv lqwhudfwlrqv qhxwurqltxhv qh jìqëuhqw sdv ehdxfrxs gh skrwrqv gh vflqwloodwlrq1
Lo hvw grqf suìiìudeoh g*dyrlu ghv gìwhfwhxuv gh frxuwhv orqjxhxuv1
Ohv dojrulwkphv suìvhqwìv suìfìghpphqw vrqw lqfoxv gdqv oh orjlflho g*dftxlvlwlrq hw
gh wudlwhphqw Lqwhuzlqqhu Qhxwurq1
Oh glvsrvlwli suìolplqdluh whvwì hvw suìvhqwì vxu od jxuh <161
 Od frxyhuwxuh gh o*dqjoh vrolgh irxuql sdu o*hqvhpeoh gh gìwhfwlrq q*hvw sdv vx!vdqwh
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hq whuph gh qrpeuh gh gìwhfwhxuv lqgìshqgdqwv srxu shuphwwuh gh uìdolvhu ghv
fròqflghqfhv qhxwurqltxhv1 Oh sdudpëwuh jìrpìwultxh mrxh xq u÷oh wuëv lpsruwdqw1
 Od txdolwì ghv vflqwloodwhxuv q*hvw sdv xqliruph hw shxw íwuh dpìolruìh1
Ohv uìvxowdwv suìolplqdluhv q*rqw sdv shuplv gh frqfoxuh txdqw dx{ uìhoohv fdsdflwìv gh
phvxuhv ghv pxowlsolflwìv qhxwurqltxhv1
Dq g*dpìolruhu od frxyhuwxuh gh o*dqjoh vrolgh/ lo idxw xwlolvhu soxvlhxuv hqvhpeohv gh
gìwhfwlrq1 Gdqv fh fdv/ xqh ìwxgh gh od gldskrqlh hqwuh ohv gìwhfwhxuv grlw íwuh hqylvdjìh1
<15 Ohv euhv grsìhv vflqwloodqwhv
<1514 Ideulfdwlrq gh euhv grsìhv vflqwloodqwhv
D wlwuh h{sorudwrluh/ ghv euhv vflqwloodqwhv grsìhv dx Eruh rqw ìwì uìdolvìhv1 Oh gld0
pëwuh gh fhv gìwhfwhxuv hq irqw ghv gìwhfwhxuv vhqvleohv xqltxhphqw dx{ qhxwurqv wkhu0
pltxhv1 Hq hhw/ ohxu gldpëwuh/ txl hvw lqiìulhxu ã 6 pp/ qh ohxu shuphw sdv g*dyrlu xqh
suredelolwì vljqlfdwlyh g*lqwhudfwlrq dyhf ohv qhxwurqv udslghv1 Sdudooëohphqw/ srxu ohv
jdppd/ od vhqvlelolwì hvw ìjdohphqw idleoh ã fdxvh ghv shwlwhv glphqvlrqv gh od sduwlh vhq0
vleoh gx gìwhfwhxu1 Sdu frqwuh/ od vhqvlelolwì dx{ qhxwurqv wkhupltxhv ghphxuh lpsruwdqwh
juåfh dx grsdjh sdu oh Eruh1
G*dloohxuv/ frpswh whqx gx grsdjh hq Eruh 43/ ohv euhv gh 5 pp gh gldpëwuh vrqw txd0
vlphqw rsdtxhv dx{ qhxwurqv wkhupltxhv1 fh txl vljqlh txh wrxv ohv qhxwurqv wkhupltxhv
lqflghqwv vxu od euh grsìh vrqw gìwhfwìv hw lqgxlvhqw xq vljqdo gh fdswxuh1
Od ideulfdwlrq gh od suìiruph
 
d ìwì phqìh ã elhq dx oderudwrluh1 Oh wludjh gh od euh
d ìwì frqì ã od vrflìwì Rswhnwurq1 Fhwwh ghuqlëuh glvsrvh gx euhyhw FHD txl vh uds0
sruwh ã od ideulfdwlrq hw dx wludjh gh euhv rswltxhv sodvwltxhv vflqwloodqwhv qrq grsìhv
^Uherxujhdug <<`1 Ohv suìiruphv vrqw ghv f|olqguhv txl irqw dx plqlpxp 93 pp gh gld0
pëwuh hw 73 fp gh orqj1 Fhv glphqvlrqv vrqw lpsrvìhv sdu oh edqf gh wludjh ghv euhv
grqw glvsrvh fhwwh vrflìwì1 Dsuëv wludjh/ od orqjxhxu gh euh rswltxh glvsrqleoh v*ìydoxh
hq np1
Oh sulqflsdo sureoëph gx eudjh frqvlvwh ã vwdelolvhu oh gldpëwuh gh od euh rswltxh
ìwluìh1 Fh surfhvvxv hvw uhqgx g*dxwdqw soxv gl!floh sdu od suìvhqfh ìyhqwxhooh gh exoohv
gdqv od suìiruph1 Qìdqprlqv/ lo d ìwì srvvleoh gh euhu xqh suìiruph vflqwloodqwh sodv0
wltxh grsìh dx Eruh1 Frpswh whqx ghv orqjxhxuv gh ghpl dwwìqxdwlrq/ lo q*hvw sdv xwloh
gh ideultxhu ghv orqjxhxuv vxsìulhxuhv ã txhotxhv pëwuhv1 Soxvlhxuv ìfkdqwloorqv rqw sx
íwuh whvwìv dx oderudwrluh1 Ohxuv txdolwìv rswltxhv/ phvxuìh sdu Rswhnwurq/ ìwdlhqw wuëv
glvshuvìhv1 Fhwwh yduldwlrq gh od wudqvsduhqfh hvw gxh ã xq whpsv gh sdvvdjh gdqv oh irxu
lqiud0urxjh txl q*hvw sdv oh píph srxu wrxwhv ohv euhv1 Vl fh whpsv hvw wurs lpsruwdqw/
od euh vh gìjudgh sdu xq ylhloolvvhphqw wkhupltxh suìpdwxuì1
!
F|olqguh gh sro|pëuh vflqwloodqw grqw ohv glphqvlrqv shuphwwhqw gh uìdolvhu o*rsìudwlrq gh wludjh vxu
oh edqf gh eudjh1
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<1515 Xwlolvdwlrq gh euhv grsìhv vflqwloodqwhv
Od euh vflqwloodqwh xwlolvìh srvvìgdlw ohv phloohxuhv shuirupdqfhv rswltxhv hq fh txl
frqfhuqh od wudqvsduhqfh vxu xqh orqjxhxu gh 5 p1
Ilj1 <18= Glvsrvlwli h{sìulphqwdo xwlolvì srxu od plvh hq rhxyuh g*xqh euh vflqwloodqwh
grsìh dx Eruh1
Oh vshfwuh suìvhqwì vxu od jxuh <19 prqwuh od glvwulexwlrq hq dpsolwxgh/ fh txl hvw
ìtxlydohqw ã sduohu hq qrpeuh gh skrwrqv d|dqw lqwhudjl dyhf od skrwrfdwkrgh1 Oh glv0
srvlwli h{sìulphqwdo hvw suìvhqwì vxu od jxuh <181 Ohv euhv rswltxhv vrqw prqwìhv vxu
ghv frqqhfwhxuv vwdqgdugv gh prqwdjh gh euh rswltxh1 Oh glvsrvlwli hvw frqvwlwxì g*xq
skrwrpxowlsolfdwhxu Kdpdpdwvx U4796 grqw oh vshfwuh gh vhqvlelolwì gh od skrwrfdwkrgh
fruuhvsrqg dx vshfwuh g*ìplvvlrq gh od euh vflqwloodqwh txl hvw fhqwuì dxwrxu gh 758 qp1
Gh soxv/ od ihqíwuh g*hqwuìh gh fh skrwrpxowlsolfdwhxu q*d tx*xq gldpëwuh gh 4 fp fh txl
shuphw g*rswlplvhu oh frxsodjh hqwuh oh glvsrvlwli pdlqwhqdqw od euh hw od skrwrfdwkrgh1
Oh jdlq gh fh skrwrpxowlsolfdwhxu ydxw 43
 
gdqv ohv frqglwlrqv gh kdxwhv whqvlrqv gdqv
ohvtxhoohv lo d ìwì plv hq rhxyuh1
Od vrxufh xwlolvìh hvw/ gdqv xq fdv xqh vrxufh gh jdppd gh w|sh Fìvlxp 46:/ hw/
gdqv o*dxwuh fdv xqh vrxufh DpEh wkhupdolvìh gh qhxwurqv1 Od suìvhqfh g*xq suhplhu
ìsdxohphqw dxwrxu gx fdqdo 83 hvw fdudfwìulvwltxh g*ìyëqhphqwv gh fdswxuh ghv qhxwurqv
wkhupltxhv sdu ohv qr|dx{ gh Eruh 43 fh txl uìyëoh od suìvhqfh gh qhxwurqv wkhupltxhv1 Oh
vhfrqg ìsdxohphqw surylhqw suredeohphqw gh o*lqwhudfwlrq ghv ìohfwurqv Frpswrq dyhf oh
vflqwloodwhxu grqw ohv skrwrqv gh vflqwloodwlrq v*dmrxwhqw ã fhx{ gìmã fuììv sdu o*lrq doskd
hw o*lrq Olwklxp1
Ghv euhv rswltxhv gh fh w|sh rqw ìwì ìwxglìhv sdu Eurvv ^Eurvv <:` srxu hq idluh ghv
dssduhloodjhv gh phvxuh srxu oh frqwu÷oh gh vìfxulwì ghv pdwlëuhv vvlohv1 Fhuwdlqv dxwhxuv
vh vrqw ìjdohphqw lqwìuhvvìv ã od srvvlelolwì g*xwlolvhu fhv euhv vflqwloodqwhv grsìhv dx Eruh
dq gh whvwhu od suìvhqfh g*ìphwwhxu qhxwurqltxh gdqv ohv glvsrvlwliv gh phvxuh txdolì gh
QGD +Qrq Ghvwuxfwlyh Dvvd|,1 Oh glvsrvlwli frqvlvwh ã hqwrxuhu oh iþw sdu xqh vwuxfwxuh
hq sro|ìwk|oëqh gdqv odtxhooh od euh rswltxh hvw lqvìuìh ^Jud}lrvr <<`1
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Ilj1 <19= Frpsdudlvrq ghv vshfwuhv rewhqxv srxu xqh euh rswltxh vflqwloodqwh grsìh dx
Eruh vrxplvh rx qrq ã xq  x{ gh qhxwurqv wkhupltxhv1
Hq frqfoxvlrq/ ohv euhv vflqwloodqwhv shxyhqw shuphwwuh gh gìwhfwhu ohv qhxwurqv wkhu0
pltxhv1 Lo hvw qìdqprlqv qìfhvvdluh gh ohv frpelqhu dyhf xqh vwuxfwxuh prgìudwulfh dq
gh udohqwlu ohv qhxwurqv suryhqdqw ghv iþwv ìwxglìv1 Fhshqgdqw/ oh idleoh uhqghphqw gh
frqyhuvlrq gh o*ìqhujlh gh od sduwlfxoh qxfoìdluh hw oh idleoh sdufrxuv gh od oxplëuh lp0




Wurlv w|shv gh glvsrvlwliv shxyhqw íwuh hqylvdjìv srxu uìdolvhu od vshfwurpìwulh qhx0
wurqltxh1 Od olplwh srxu o*ìqhujlh pd{lpdoh gx qhxwurq lqflghqw hvw gìwhuplqìh sdu ohv
glphqvlrqv gx gìwhfwhxu
 
1 Soxv oh gìwhfwhxu hvw jurv/ soxv o*ìqhujlh ghv qhxwurqv ã gìwhfwhu
srxuud íwuh lpsruwdqwh1 Oh suhplhu xwlolvh xq vflqwloodwhxu rujdqltxh vrolgh rx oltxlgh qrq
grsì1 Oh vhfrqg frqvlvwh ã xwlolvhu xq vdqgzlfk gh vflqwloodwhxu rujdqltxh qrq grsì hw xq
vflqwloodwhxu lqrujdqltxh +sdu h{hpsoh xq yhuuh grsì dx Olwklxp, vhqvleoh dx{ qhxwurqv
wkhupltxhv1 Hqq/ oh wurlvlëph phw hq rhxyuh xq vflqwloodwhxu rujdqltxh grsì vhqvleoh ã
od irlv dx{ qhxwurqv udslghv hw dx{ qhxwurqv wkhupltxhv1
4 0 Xq glvsrvlwli h{sìulphqwdo frxudpphqw xwlolvì phw hq rhxyuh xq vflqwloodwhxu rujd0
qltxh oltxlgh gh w|sh QH546 txl hvw xq vflqwloodwhxu srvvìgdqw gh erqqhv sursulìwìv
gh glvfulplqdwlrq qhxwurq jdppd1 Dlqvl/ lo hvw srvvleoh gh uìdolvhu xqh vshfwurpì0
wulh/ hq hpsor|dqw od pìwkrgh dqdorjltxh gx sdvvdjh sdu }ìur srxu ydolghu oh vljqdo
qhxwurq ^Shunlqv :<` hw ^Duqhrgr <:`1 O*xwlolvdwlrq gx fulvwdo gh vwloeëqh d ìjdohphqw
!
Sdu h{hpsoh/ srxu ghv qhxwurqv gh 4 PhY/ xq gìwhfwhxu sdudooìoìslsìgltxh grlw srvvìghu xqh ìsdlvvhxu
g*hqylurq 8 fp dq gh wkhupdolvhu oh qhxwurq lqflghqw1
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ìwì ìwxglìh sdu ^Yhuelwvn| :;` hq xwlolvdqw ìjdohphqw fhwwh pìwkrgh dqdorjltxh srxu
uhmhwhu ohv ìyëqhphqwv suryhqdqw gh o*lqwhudfwlrq gx ud|rqqhphqw jdppd dyhf oh
vshfwurpëwuh1
5 0 Od frpelqdlvrq gh ghx{ vflqwloodwhxuv srxu od uìdolvdwlrq gx vshfwurpëwuh d ìwì plv
hq rhxyuh sdu ^Ehuwlq <7`1 Lo v*djlvvdlw gh frpelqhu ohv shuirupdqfhv gh glvfulplqd0
wlrq gx vflqwloodwhxu oltxlgh QH546 dx fdsdflwì gh gìwhfwlrq ghv qhxwurqv wkhupltxhv
gx QH<38 txl hvw xq yhuuh grsì dx Olwklxp1 Gdqv fh prqwdjh/ ohv ghx{ vflqwloodwhxuv
vrqw glvsrvìv vhorq xqh vwuxfwxuh hq vdqgzlfk1 Od pìwkrgh gh glvfulplqdwlrq xwl0
olvìh frpelqh od pìwkrgh dqdorjltxh hw od frpsdudlvrq gh fkdujh hw frqvlvwh hq od
plvh hq fròqflghqfh gh od grxeoh gìwhfwlrq ghv qhxwurqv sdu oh vflqwloodwhxu qrq grsì
hw oh vflqwloodwhxu grsì1
6 0 Srxu ohv vflqwloodwhxu rujdqltxhv +oltxlgh rx vrolgh, grsìv dx Eruh/ od wkhupdolvdwlrq
hw od fdswxuh gx qhxwurq v*hhfwxhqw gdqv oh píph plolhx gìwhfwhxu1 Fhv ghx{ ìyëqh0
phqwv jìqëuhqw fkdfxq xq vljqdo h{sorlwdeoh1 Frpph lov vrqw fruuìoìv hq whpsv/ lo hvw
srvvleoh gh phwwuh hq uhodwlrq ohv ìyëqhphqwv gh fdswxuh dyhf fhx{ suryhqdqw gh od
wkhupdolvdwlrq1 Fhwwh pìwkrgh lpsrvh gh frqqdñwuh gh idêrq suìflvh od gxuìh gh ylh
pr|hqqh gx qhxwurq gdqv oh gìwhfwhxu1 Ohv uìvxowdwv grqqìv sdu fhwwh pìwkrgh vrqw
vwdwlvwltxhv/ sxlvtxh od gxuìh gh ylh gx qhxwurq gìshqg gh vrq ìqhujlh ^Dr|dpd <6`1
Fh w|sh gh glvsrvlwli shxw íwuh dpìolruì hq dmrxwdqw xq fulvwdo lqrujdqltxh gh EJR
srxu hhfwxhu od gìwhfwlrq gx jdppd gh 7:; nhY ìplv gdqv <6 ( ghv fdswxuhv qhx0
wurqltxhv1 F*hvw fh w|sh gh prqwdjh txl d ìwì uhwhqx sdu ^Gudnh ;9` hw ^Ploohu <:`
dq gh uìdolvhu xq vshfwurpëwuh ã qhxwurqv hpedutxì ã erug g*xq vdwhoolwh1
Oh glvsrvlwli plv hq rhxyuh gxudqw fhv wudydx{ xwlolvh xq vflqwloodwhxu sodvwltxh grsì
dx Eruh1 Oh sulqflsh hvw oh píph txh srxu ohv vflqwloodwhxuv rujdqltxhv oltxlghv grsìv dx
Eruh1 Lo frqvlvwh ã vìsduhu xqh yrlh whpsv gh od yrlh ìqhujlh ^Dr|dpd <6`/ dq g*h{sorlwhu
dx plhx{ od grxeoh lpsxovlrq suryhqdqw gh od gìwhfwlrq g*xq qhxwurq wkhupltxh txl v*hvw
wkhupdolvì dx vhlq gx gìwhfwhxu1
<1615 Glvsrvlwli h{sìulphqwdo
Frpph oh prqwuh oh glvsrvlwli suìvhqwì vxu od jxuh <1:/ oh vljqdo fruuhvsrqgdqw ã
xqh fdswxuh hvw vìohfwlrqqì sdu od yrlh gx VFD +Vlqjoh Fkdqqho Dqdo|vhu, ihqíwuh txl
uìdolvh xqh glvfulplqdwlrq hq dpsolwxgh ghv lpsxovlrqv fruuhvsrqgdqw ã xqh fdswxuh qhx0
wurqltxh1 Od yrlh fruuhvsrqgdqw ã VFD qlyhdx edv shuphw gh v*dudqfklu gx euxlw gh
idleoh dpsolwxgh1 O*lpsxovlrq fruuhvsrqgdqw ã od wkhupdolvdwlrq g*xq qhxwurq sdvvh dx
wudyhuv gh fh prgxoh sxlv hvw uhwdugìh gh 6 >v/ fh txl hvw od gxuìh pr|hqqh gh fdswxuh
g*xq qhxwurq gdqv fh w|sh gh gìwhfwhxu1 Fh uhwdug shxw íwuh dmxvwì dq gh pd{lplvhu ohv
shuirupdqfhv gx vshfwurpëwuh1 O*dpsolfdwhxu udslgh 5444 shuphw vhxohphqw g*lqyhuvhu
oh vljqdo gh g|qrgh dq gh oh uhqguh h{sorlwdeoh sdu ohv V1F1D11
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Gëv oruv oh vljqdo uhwdugì d xqh iruwh suredelolwì g*duulyhu dx qlyhdx gx prgxoh gh
fròqflghqfh +WF737, hq píph whpsv txh oh vljqdo gh fdswxuh1 Fhfl d srxu hhw g*dxwr0
ulvhu oh frgdjh gh o*dqdo|vhxu +Wuxps ;n,1 Ru oh vljqdo suìvhqw ã o*hqwuìh gh o*dqdo|vhxu
pxowlfdqdx{ hvw oh suhplhu vljqdo/ fhoxl txl fruuhvsrqg ã od wkhupdolvdwlrq1 Hq hhw/ o*dp0
solfdwhxu shuphw gh phwwuh hq iruph oh vljqdo1 Oh eortxhxu vhuw gh pìprluh dqdorjltxh
srxu oh vljqdo fruuhvsrqgdqw ã od wkhupdolvdwlrq1 Oh vljqdo qdohphqw frgì hvw grqf elhq
fhoxl suryhqdqw gh od wkhupdolvdwlrq gx qhxwurq gdqv oh vflqwloodwhxu frpph oh prqwuh oh
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Ilj1 <1:= Vfkìpd gx glvsrvlwli shuphwwdqw gh uìdolvhu xqh vshfwurpìwulh qhxwurqltxh sdu







Ilj1 <1;= Fkurqrjudpph gx glvsrvlwli ìohfwurqltxh xwlolvì srxu uìdolvhu xqh vshfwurpìwulh
qhxwurqltxh1
Srxu od jxuh <1</ oh Fdqdo 6 +Fk6, fruuhvsrqg dx{ ìyëqhphqwv gh fdswxuh1 Oh Fd0
qdo 4 +Fk4, fruuhvsrqg ã VFD edv txl vhuw ã frxshu oh euxlw gh irqg gh idleoh dpsolwxgh1
49;
<161 VSHFWURPÌWULH QHXWURQLTXH
O*ìyëqhphqw gh wkhupdolvdwlrq hw gh fdswxuh fruuhvsrqg dx{ lpsxovlrqv yxhv sdu oh Fd0
qdo 4 +Fk4,1 O*lpsxovlrq yxh sdu oh Fdqdo 5 +Fk5, fruuhvsrqg ã xq ìyëqhphqw gh fdswxuh
frpswh whqx ghv uìjodjhv gx VFD ihqíwuh1 Od glìuhqfh whpsruhooh hqwuh fhv ghx{ lp0
sxovlrqv hvw gh o*ruguh gh 5 >v/ fh txl fruuhvsrqg ã od gxuìh gh ylh gx qhxwurq lqflghqw
txl d ìwì fdswxuì1 F*hvw srxutxrl oh vljqdo suryhqdqw gx VFD edv hvw uhwdugì g*hqylurq
6 >v1 Dlqvl/ ohv ghx{ vljqdx{ +wkhupdolvdwlrq sxlv fdswxuh, suryhqdqw gx píph qhxwurq
duulyhqw vlpxowdqìphqw vxu oh prgxoh gh fròqflghqfh1 Oh vljqdo dqdorjltxh fruuhvsrqgdqw
ã o*lpsxovlrq gh wkhupdolvdwlrq hvw frqvhuyì hq pìprluh dqdorjltxh sdu oh eldlv g*xq dp0
solfdwhxu eortxhxu1 Oh vljqdo qdohphqw frgì sdu o*dqdo|vhxu pxowlfdqdx{ surylhqw elhq
g*xq ìyëqhphqw gh wkhupdolvdwlrq1
Soxv oh vljqdo gh wkhupdolvdwlrq hvw orlq gx vljqdo gh fdswxuh prlqv lo | d gh fkdqfhv
txh ohv ghx{ ìyëqhphqwv vrlhqw fruuìoìv/ fh txl hvw frqupì sdu ohv vlpxodwlrqv gh od
gxuìh gh ylh gx qhxwurq gdqv fh w|sh gh vflqwloodwhxu1 Gh od suìflvlrq dyhf odtxhooh od
v|qfkurqlvdwlrq ghv vljqdx{ hvw uìjoìh gìshqg od txdolwì gh od vshfwurvfrslh uìdolvìh1
Srxu od jxuh <143/ lo v*djlw g*xq fkurqrjudpph phwwdqw hq fròqflghqfh whpsruhooh ohv
ìyëqhphqwv gh fdswxuh uhsuìvhqwì sdu oh Fdqdo 7 +Fk7, hw ohv ìyëqhphqw gh wkhupdolvdwlrq1
O*klvwrjudpph suìvhqwì vxu fhwwh jxuh fruuhvsrqg ã xqh dffxpxodwlrq ghv ìyëqhphqwv
rssruwxqv1
Ilj1 <1<= Fkurqrjudpph gh od yrlh whpsruhooh gx glvsrvlwli gh vshfwurpìwulh qhxwurqltxh
Srxu uìdolvhu xqh vshfwurpìwulh uìdolvwh/ lo idxw whqlu frpswh gx vshfwuh gh od vrxufh
qhxwurqltxh pdlv ìjdohphqw gh od irqfwlrq gh uìsrqvh gx vflqwloodwhxu srxu rewhqlu qdoh0
phqw fh vshfwuh1 Dydqw gh srxyrlu hq idluh xqh xwlolvdwlrq hq vshfwurvfrslh/ lo idxw íwuh hq
phvxuh gh oh gìfrqyroxhu1 Oh u÷oh gx sdudjudskh frqfhuqdqw o*ìwdorqqdjh hvw gh grqqhu od
uìsrqvh gx vflqwloodwhxu hq irqfwlrq gh o*ìqhujlh gx qhxwurq gìwhfwì1
49<
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Ilj1 <143= Fkurqrjudpph dffxpxoì srxu od yrlh whpsruhooh1 Od gìfurlvvdqfh h{srqhqwlhooh
ã sduwlu gh od yrlh gh gìfohqfkhphqw Fk7 gh o*klvwrjudpph dssdudñw vxu fhwwh jxuh1
<1616 Hwdorqqdjh
Fh w|sh g*h{sìulhqfh qìfhvvlwh xq ìwdorqqdjh gx glvsrvlwli1 Od surgxfwlrq gh qhxwurqv
qìfhvvlwh o*xwlolvdwlrq g*xq dffìoìudwhxu1 Ghv idlvfhdx{ gh surwrqv rx gh ghxwrq vrqw hq0
yr|ìv vxu glìuhqwhv fleohv vhorq o*ìqhujlh ghv qhxwurqv vrxkdlwìh1 Oh wdeohdx <14 suìvhqwh
ohv fdudfwìulvwltxhv gh txhotxhv fleohv txl shxyhqw íwuh xwlolvìhv srxu rewhqlu ghv qhxwurqv
udslghv ã o*dlgh g*xq idlvfhdx gh surwrqv1
W|sh gh fleoh Sodjh g*ìqhujlh ghv qhxwurqv Idlvfhdx lqflghqw
Ol 433 nhY $ :33 nhY surwrq
WlW :33 nhY $ 5/8 PhY surwrq
WlG Dx ghvvxv mxvtx*ã 47 PhY surwrq
Wdeohdx <14= Fleohv xwlolvìhv srxu od surgxfwlrq gh qhxwurqv
Hq prgldqw o*dqjoh hqwuh oh gìwhfwhxu hw od vrxufh gh qhxwurq/ o*ìqhujlh ghv qhxwurqv
gìwhfwìv hvw ìjdohphqw prglìh vxlydqw ohv orlv gh od flqìpdwltxh1
Xq who glvsrvlwli surgxlvdqw ghv idlvfhdx{ gh qhxwurqv prqr0ìqhujìwltxh h{lvwh dx FHD
gh Eux|ëuhv oh Fkåwho +Fi1 wdeohdx <14,1 Gëv txh oh sodq gh fkdujh gh fhwwh lqvwdoodwlrq
oh shuphwwud/ lo vhud srvvleoh gh phqhu ghv h{sìulhqfhv g*ìwdorqqdjh dyhf ghv qhxwurqv
prqr0ìqhujìwltxhv1
<1617 Hydoxdwlrq sdu vlpxodwlrqv ghv shuirupdqfhv
Hq frxsodqw ohv frghv gh wudqvsruw qhxwurqltxh hw gh jìqìudwlrq hw sursdjdwlrq gh od
oxplëuh/ lo hvw srvvleoh g*ìydoxhu sdu vlpxodwlrq txhooh vhud od uìsrqvh gh o*hqvhpeoh gh
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gìwhfwlrq1 Lo hvw srvvleoh gh uìdolvhu od fròqflghqfh sdu vìohfwlrq ghv ìyëqhphqwv shuwlqhqwv
fruuhvsrqgdqw ã od irlv ã od wkhupdolvdwlrq hw ã od fdswxuh gx píph qhxwurq1
Ohv qhxwurqv vlpxoìv vrqw prqr0ìqhujìwltxhv1 Ghx{ ìqhujlhv glìuhqwhv rqw ìwì whvwìhv
583 nhY hw 43 PhY1 Lov vrqw gìwhfwìv sdu xq vflqwloodwhxu sodvwltxh grsì dx Eruh grqw
ohv glphqvlrqv shuphwwhqw gh wkhupdolvhu od pdmrulwì ghv qhxwurqv lqflghqwv/ txhotxh vrlw
ohxu ìqhujlh1 Lqwulqvëtxhphqw dx frgh lo hvw srvvleoh gh vìohfwlrqqhu ohv ìyëqhphqw grqw od
wkhupdolvdwlrq hw od fdswxuh vh vrqw sdvvìv dx vhlq gx vflqwloodwhxu1
Ohv uìvxowdwv suìolplqdluhv vrqw suìvhqwìv vxu ohv jxuhv <144 hw <1451 Oh qrpeuh gh
qhxwurqv vlpxoìv sdu PFQS hvw ã fkdtxh irlv gh 4 ploolrq1 Fhfl jìqëuh hqylurq 7333
ìyëqhphqwv shuwlqhqwv/ f*hvw ã gluh ghv ìyëqhphqwv grqw ohv qhxwurqv rqw fìgì xqh ìqhujlh
vx!vdqwh srxu hqjhqguhu xq vljqdo oxplqhx{1
Ohv qhxwurqv gh 583 nhY qh jìqëuhqw sdv g*lpsxovlrqv grqw o*dpsolwxgh gìsdvvh oh
fdqdo 433 doruv txh ohv qhxwurqv gh 43 PhY hqjhqguhqw ghv vljqdx{ grqw o*dpsolwxgh
gìsdvvh oh fdqdo ;333/ pd{lpxp gx frghxu/ fh txl h{soltxh o*hpslohphqw ghv ìyëqhphqw
yhuv oh fdqdo ;3331 Dxfxqh vwuxfwxuh sduwlfxolëuh q*dssdudñw vxu fhv ghx{ vshfwuhv1 O*ìwxgh
ghyudlw íwuh frpsoìwìh srxu xqh sodjh soxv ydvwh g*ìqhujlh ghv qhxwurqv lqflghqwv1 Ohv











Ilj1 <144= Vshfwuh qhxwurqltxh vlpxoì1 Hqhujlh ghv qhxwurqv ìjdoh ã 583 nhY1
<17 Grvlpìwulh
Frpswh whqx gh ohxu iruwh vhqvlelolwì ylv ã ylv gx ud|rqqhphqw jdppd hw gx ud|rqqh0
phqw qhxwurqltxh/ lo hvw lqwìuhvvdqw g*xwlolvhu ohv vflqwloodwhxuv sodvwltxhv grsìv dx Eruh












Ilj1 <145= Vshfwuh qhxwurqltxh vlpxoì1 Qhxwurqv g*ìqhujlh ìjdoh ã 43 PhY1
lpdjh gh fh tx*d ìwì rx gh fh tx*hvw od grvh hw oh gìelw gh grvh +lppìgldw rx lqwìjuì, uhêx
sdu o*dssduhloodjh rx oh shuvrqqho1
Lo frqylhqw gh frqqdñwuh dyhf suìflvlrq oh ]  !"#"  $%&'(%& gh fh w|sh gh pdwìuldx1 Oh ]  )"*"  $%+',%& 
hvw gìql sdu o*ìtxdwlrq <17 ^Wvrxoidqlglv <8`1
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+<17,
 Q hvw oh qrpeuh g*ìoìphqwv glìuhqwv suìvhqwv gdqv oh pìodqjh vflqwloodqw/
 ]  hvw oh qxpìur dwrpltxh gx l0ëph ìoìphqw/
 D  hvw od pdvvh dwrpltxh gx l0ëph ìoìphqw/
 Z hvw od iudfwlrq hq srlgv gx l0ëph ìoìphqw/ txl ydxw =
`  '
     

+<18,
 Q hvw oh qrpeuh g*dwrphv gx l0ëph ìoìphqw gdqv oh frpsrvì/
 D hvw vrq qrpeuh gh pdvvh/
 P hvw od pdvvh prodluh1
Oh fdofxo grqqh xq ]  )"*"  $%+',%+ gh 8/; srxu xq vflqwloodwhxu sodvwltxh grsì dx Eruh grqw
od pdvvh yroxpltxh ydxw 4/359 j1fp 5
6
1 Ru srxu dyrlu xq frpsrvì/ frqvlgìuì frpph ìtxl0
ydohqw wlvvx/ lo idxw xq ]  !"#"  $%&'(%& gh :/71 Grqf fh w|sh gh vflqwloodwhxu hvw uhodwlyhphqw
surfkh gx ] ìtxlydohqw wlvvx/ fh txl shuphw g*hqylvdjhu g*ìyhqwxhoohv dssolfdwlrqv srxu od
grvlpìwulh qhxwurq hw ìyhqwxhoohphqw jdppd1
O*dydqwdjh gh fhv vflqwloodwhxuv hvw tx*lo q*hvw sdv qìfhvvdluh gh gìyhorsshu xq ìfudq
sduwlfxolhu srxu uhqguh oh gìwhfwhxu vhqvleoh dx{ qhxwurqv1 Hq hhw/ oh vflqwloodwhxu hvw xq
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gìwhfwhxu lqwulqvëtxhphqw vhqvleoh dx{ ud|rqqhphqwv qhxwurqltxhv1 O*lqirupdwlrq vshf0
wurpìwultxh rewhqxh sdu oh prqwdjh suìvhqwì suìfìghpphqw shxw íwuh xwlolvìh gdqv od
uhfrqvwuxfwlrq gh od grvh uhêxh yxh sdu oh gìwhfwhxu1 Od vhqvlelolwì dx ud|rqqhphqw qhx0
wurqltxh hw jdppd shuphw g*hqylvdjhu xqh grvlpìwulh joredoh hw sduwlhooh vh udssruwdqw
dx{ glìuhqwhv sduwlfxohv txl rqw lqwhudjl dx vhlq gx vflqwloodwhxu1
Uìfhpphqw/ fhuwdlqv dxwhxuv vh vrqw lqwìuhvvìv ã od uìdolvdwlrq gh phvxuhv gh grvh







Fhv wudydx{ rqw ìwì frqvdfuìv ã o*ìwxgh ghv vflqwloodwhxuv sodvwltxhv grsìv dx Eruh
dlqvl tx*ã ohxu plvh hq rhxyuh gdqv ghv glvsrvlwliv gh gìwhfwlrq qhxwurqltxh1 Hq hhw/
ohv vflqwloodwhxuv sodvwltxhv grsìv dx Eruh suìvhqwhqw ghv sursulìwìv lqwìuhvvdqwhv srxu od
gìwhfwlrq qhxwurqltxh juåfh ã ohxu ghqvlwì hq qr|dx{ gh Eruh 43 txl ohv uhqg lqwulqvë0
txhphqw wuëv vhqvleohv dx{ qhxwurqv wkhupltxhv1 Od vwuxfwxuh iruwhphqw k|gurjìqìh gx
vflqwloodwhxu mrxh xq grxeoh u÷oh hq shuphwwdqw gh oh uhqguh vhqvleoh dx{ qhxwurqv udslghv
pdlv ìjdohphqw hq wkhupdolvdqw dx vhlq píph gx pdwìuldx ohv qhxwurqv lqflghqwv1 Hooh
glplqxh gh idêrq lpsruwdqwh oh whpsv qìfhvvdluh dx qhxwurq lqflghqw srxu tx*lo shugh
o*hvvhqwlho gh vrq ìqhujlh/ hw/ srxu tx*xqh irlv wkhupdolvì/ lo vrlw fdswxuì sdu xq qr|dx gh
Eruh 431 Fh whpsv hvw dsshoì od gxuìh gh ylh gx qhxwurq gdqv oh gìwhfwhxu1 Ghv dpìolrud0
wlrqv gdqv ohv glvsrvlwliv gh gìwhfwlrq qhxwurqltxh ìwdlhqw dwwhqgxhv juåfh ã o*xwlolvdwlrq
gh fhv vflqwloodwhxuv sodvwltxhv grsìv dx Eruh/ wdqw vxu oh sodq gh o*h!fdflwì gh gìwhfwlrq/
txh vxu fhoxl gh od gxuìh gh ylh gx qhxwurq gdqv od vwuxfwxuh gx gìwhfwhxu1
Od suhplëuh sduwlh gh fh wudydlo d frqvlvwì ã uìdolvhu xq ìwdw gh o*duw frqfhuqdqw ã
od irlv ohv gìwhfwhxuv qhxwurqltxhv/ hw/ soxv vsìfltxhphqw/ ohv vflqwloodwhxuv rujdqltxhv
hw lqrujdqltxhv1 Ohv ìwxghv suìfìghqwhv ^Ploohu <;` hw ^Pdxtxhvw <<` q*dydlhqw sdv xwlolvì
oh vflqwloodwhxu vhxo pdlv frpelqì dyhf xq vflqwloodwhxu lqrujdqltxh gh w|sh EJR rx ghv
ìfudqv gh sro|ìwk|oëqh frpelqìv ã xq vflqwloodwhxu lqrujdqltxh gh w|sh yhuuh grsì dx
Olwklxp 91 Od gìwhfwlrq gx jdppd gh 7:; nhY
 
ìplv oruv gh od fdswxuh gx qhxwurq
wkhupltxh shuphwwdlw gh frquphu o*ìyëqhphqw gh fdswxuh1 Qrwuh dssurfkh d prqwuì
tx*lo hvw srvvleoh gh glvwlqjxhu ohv qhxwurqv wkhupltxhv ghv dxwuhv w|shv gh sduwlfxohv vdqv
xwlolvhu fhwwh vwuxfwxuh frpelqìh srxu oh gìwhfwhxu1
Od vhfrqgh sduwlh gh fhwwh ìwxgh d ìwì frqvdfuìh dx pdwìuldx sursuhphqw glw1 Hq hhw/
od uìdolvdwlrq hw od fdudfwìulvdwlrq ghv sursulìwìv rswltxhv hw fklpltxhv ghv vflqwloodwhxuv
sodvwltxhv grsìv dx Eruh rqw shuplv g*ìwxglhu gh idêrq dssurirqglh fh w|sh gh pdwìuldx/
hw/ dlqvl/ g*rswlplvhu oh surfhvvxv gh ideulfdwlrq1 Fhv pìwkrghv rqw ìwì wuëv xwlohv srxu
frquphu od suìvhqfh rx o*devhqfh gx grsdqw dlqvl txh srxu o*ìwxgh gh od vwuxfwxuh qdoh
!
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gx sro|pëuh frqvwlwxdqw oh vflqwloodwhxu1 Oh fkrl{ gx grsdqw hvw wuëv lpsruwdqw hq whuph gh
fdsdflwì gh gìwhfwlrq qhxwurqltxh hw hq whuph gh surgxfwlrq gh oxplëuh1 Vhorq od proìfxoh
gh grsdqw fkrlvlh/ ohv skìqrpëqhv gh txhqfklqj hw g*dwwìqxdwlrq rswltxh lqwulqvëtxh
dx pdwìuldx vrqw soxv rx prlqv pdutxìv1 Oh grsdjh dlqvl txh oh surfìgì gh ideulfdwlrq
rqw idlw o*remhw g*xq gìs÷w gh euhyhw dxsuëv gh o*L1Q1S1L1
 
1
Dx frxuv gh fhv wudydx{/ od surgxfwlrq gh oxplëuh vflqwloodqwh vrxv idlvfhdx{ gh sduwl0
fxohv d ìwì ìwxglìh srxu fhv vflqwloodwhxuv sodvwltxhv grsìv dx Eruh1 Srxu vlpxohu frqyh0
qdeohphqw oh frpsruwhphqw oxplqhx{ gh fhv pdwìuldx{/ lo hvw qìfhvvdluh gh glvsrvhu ghv
sdudpëwuhv gh oxplqhvfhqfh sursuhv dx pdwìuldx/ txl gìshqghqw gh od sduwlfxoh lqflghqwh
dlqvl txh gh vrq ìqhujlh1 Qrxv dyrqv grqf phvxuì/ srxu od suhplëuh irlv/ ohv sdudpëwuhv
V/ nE hw F fruuhvsrqgdqw ã od orl gh Elunv srxu ohv vflqwloodwhxuv sodvwltxhv grsìv dx Eruh
vrxv ud|rqqhphqw doskd hw surwrqltxh1
Od wurlvlëph sduwlh gh fhwwh ìwxgh/ txl frqfhuqh soxv vsìfltxhphqw od prgìolvdwlrq
gx gìwhfwhxu/ d ìwì frqgxlwh vhorq wurlv d{hv =
 Vlpxodwlrq gh od uìsrqvh qhxwurqltxh gx vflqwloodwhxu hw rswlplvdwlrq gh od jìrpìwulh
gx gìwhfwhxu hq irqfwlrq ghv sdudpëwuhv ìqhujìwltxhv gx vshfwuh ghv qhxwurqv1 Od
gxuìh gh ylh gx qhxwurq d ìjdohphqw ìwì vlpxoìh1 Fhooh0fl hvw hvwlpìh ã prlqv gh
6 >v srxu xqh ìqhujlh gx qhxwurq lqflghqw gh 4 PhY1
 Vlpxodwlrq gh od sursdjdwlrq gh od oxplëuh gdqv oh vflqwloodwhxu dq gh frqqdñwuh ohv
sdudpëwuhv jìrpìwultxhv txl o*lq xhqfhqw gdqv fhv vwuxfwxuhv1
 Vlpxodwlrq gx frpsruwhphqw qhxwurqltxh joredo gx vflqwloodwhxu1 Fhwwh ìwdsh d
frqvlvwì hq o*dgmrqfwlrq gh od vlpxodwlrq qhxwurqltxh ã fhooh frqfhuqdqw od surgxfwlrq
hw od sursdjdwlrq gh od oxplëuh1
Oh frxsodjh uìdolvì d shuplv gh prqwuhu txh od vlpxodwlrq joredoh gh fh w|sh gh vflq0
wloodwhxu ìwdlw srvvleoh1 Od frpsdudlvrq dyhf o*h{sìulhqfh d frqgxlw ã ghv uìvxowdwv surfkhv1
Qrwdpphqw/ oh slf fruuhvsrqgdqw ã od fdswxuh ghv qhxwurqv wkhupltxhv sdu ohv qr|dx{ gh
Eruh 43 txl dssdudñw vxu ohv vshfwuhv h{sìulphqwdx{/ hvw ìjdohphqw suìvhqw vxu ohv vshfwuhv
vlpxoìv1
Ohv vflqwloodwhxuv sodvwltxhv vrqw wuëv vhqvleohv dx{ ud|rqqhphqwv jdppd fh txl lpsrvh
od plvh hq rhxyuh gh whfkqltxhv gh glvfulplqdwlrq shuirupdqwhv1 Lov vrqw hqylurq 4< 333 irlv
soxv vhqvleohv dx ud|rqqhphqw jdppd txh ohv gìwhfwhxuv ã edvh g*Kìolxp 6/ hvvhqwlhoohphqw
ã fdxvh gh o*hhw Frpswrq1 Píph v*lo q*hvw sdv frqfhydeoh g*xwlolvhu ghv vflqwloodwhxuv
sodvwltxhv grsìv dx Eruh gdqv ghv dwholhuv rü ohv frqglwlrqv udglrorjltxhv vrqw wuëv vìyëuhv
+sdu h{hpsoh gdqv o*dwholhu DFF
 
,/ lo hvw hqylvdjhdeoh gh ohv xwlolvhu srxu ghv dwholhuv
w|sh DG5
 
rü ohv frqglwlrqv gh gìwhfwlrqv qhxwurqltxhv qh vrqw sdv eurxlooìhv sdu oh
euxlw gh irqg lqwhqvh suryhqdqw ghv ìphwwhxuv jdppd suìvhqwv gdqv ohv iþwv gh gìfkhwv1
Dlqvl/ srxu ghv iþwv gh gìfkhwv gh idleohv dfwlylwìv/ lo hvw mxvwlì g*ìwxglhu o*rssruwxqlwì
!
Lqvwlwxw Qdwlrqdo gh od Sursulìwì Lqgxvwulhooh1
!
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gh uhpsodfhu ohv vwuxfwxuhv ã edvh gh gìwhfwhxuv ã Kìolxp 6 hw gh eorfv gh sro|ìwk|oëqh
sdu ghv hqvhpeohv ã edvh gh vflqwloodwhxuv sodvwltxhv grsìv dx Eruh1 Hq idlw/ o*h!fdflwì
gh gìwhfwlrq ghv qhxwurqv wkhupltxhv hvw 5/9 irlv soxv lpsruwdqwh srxu ohv vflqwloodwhxuv
sodvwltxhv grsìv dx Eruh txh srxu ohv gìwhfwhxuv ã jd} ã edvh g*Kìolxp 61
Dq g*h{wudluh o*lqirupdwlrq shuwlqhqwh/ ghv pìwkrghv gh glvfulplqdwlrq hqwuh ohv gli0
iìuhqwhv sduwlfxohv rqw ìwì gìyhorssìhv dx frxuv g*xqh txdwulëph sduwlh1 O*xwlolvdwlrq gx
pdwìuldx hq wdqw txh gìwhfwhxu gìshqg gh od txdolwì dyhf odtxhooh od glvfulplqdwlrq gh
sduwlfxohv v*hhfwxh hqwuh ohv qhxwurqv udslghv/ ohv qhxwurqv wkhupltxhv hw ohv jdppd1 Ohv
ghx{ pìwkrghv gh glvfulplqdwlrq/ frxudpphqw plvhv hq rhxyuh srxu hhfwxhu od glvfulpl0
qdwlrq hqwuh ohv qhxwurqv hw oh ud|rqqhphqw jdppd gdqv ohv vflqwloodwhxuv/ rqw ìwì whvwìhv
dx frxuv gh fh wudydlo1
Ohv uìvxowdwv h{sìulphqwdx{ prqwuhqw tx*dyhf od pìwkrgh dqdorjltxh/ glwh gx sdvvdjh
sdu }ìur/ lo hvw srvvleoh gh vìsduhu frqyhqdeohphqw oh vljqdo suryhqdqw gx ud|rqqhphqw
jdppd/ gh fhoxl ghv qhxwurqv udslghv hw gh fhoxl ghv qhxwurqv wkhupltxhv1 Wdqglv tx*dyhf
od pìwkrgh qxpìultxh/ glwh gh od frpsdudlvrq gh fkdujhv/ vhxov ohv qhxwurqv udslghv hw oh
ud|rqqhphqw jdppd shxyhqw íwuh glvfulplqìv1 Xqh plvh hq rhxyuh ruljlqdoh uhjurxsdqw
g*xqh sduw xq prqwdjh dqdorjltxh hw g*dxwuh sduw od pìwkrgh qxpìultxh gh od frpsdudlvrq
gh fkdujhv/ d shuplv g*dpìolruhu od vìsdudwlrq ghv vljqdx{ hqwuh hx{1 Pdojuì fh glvsrvlwli/
ohv qhxwurqv wkhupltxhv vrqw gl!flohphqw glvwlqjxìv ghv dxwuhv sduwlfxohv sdu od pìwkrgh
qxpìultxh/ od fkdujh tx*lov hqjhqguhqw q*ìwdqw sdv vx!vdqwh srxu v*h{wudluh g*hooh0píph
gx euxlw gh irqg jdppd1 Qìdqprlqv/ od fdsdflwì gh gìwhfwlrq ghv qhxwurqv wkhupltxhv
sdu fh w|sh gh vflqwloodwhxu q*hvw sdv uhplvh hq fdxvh1 Xqh dqdo|vh hq dpsolwxgh gx vljqdo
shuphw wrxmrxuv gh vìsduhu fh vljqdo gx euxlw gh irqg1 Dlqvl/ hq frxsodqw o*hqvhpeoh
ghv pìwkrghv gh glvfulplqdwlrq glvsrqleohv/ lo hvw srvvleoh gh vìsduhu h!fdfhphqw ohv
sduwlfxohv d|dqw lqwhudjl dx vhlq gx vflqwloodwhxu1
Txhotxhv dssolfdwlrqv srwhqwlhoohphqw lqwìuhvvdqwhv srxu fh w|sh gh vflqwloodwhxu rqw
ìwì suìvhqwìhv1 D fh wlwuh/ od vshfwurpìwulh qhxwurqltxh
 
vhpeoh íwuh surphwwhxvh hw xqh
dssolfdwlrq ydorulvdeoh sdu o*h{sorlwdwlrq gh od fdsdflwì gx vflqwloodwhxu ã gìwhfwhu ã od
irlv ghv qhxwurqv udslghv hw ghv qhxwurqv wkhupltxhv1 Ohv olplwhv gh gìwhfwlrq hq ìqhujlh
srxu ohv qhxwurqv vrqw {ìhv sdu od jìrpìwulh gx vflqwloodwhxu +ìsdlvvhxu,1 Sdu dloohxuv/
od frpelqdlvrq gx frgh gh wudqvsruw qhxwurqltxh ã fhoxl gh jìqìudwlrq0sursdjdwlrq gh od
oxplëuh gh vflqwloodwlrq shuphw gh suìyrlu od uìsrqvh joredoh gh fhv vflqwloodwhxuv ylv ã ylv
ghv qhxwurqv prqrìqhujìwltxhv1 Ghv ìwxghv frpsoìphqwdluhv grlyhqw íwuh phqìhv ã elhq
dq g*ìwdorqqhu oh glvsrvlwli gh phvxuh1 Ohv glvsrvlwliv gh frqwu÷oh ghv iþwv idleohphqw hw
wuëv idleohphqw dfwliv shxyhqw ìjdohphqw surwhu gh o*xwlolvdwlrq gh fhv vflqwloodwhxuv hq
udlvrq gh o*dxjphqwdwlrq gh o*h!fdflwì gh gìwhfwlrq ghv qhxwurqv wkhupltxhv g*xq idfwhxu
5/9 sdu udssruw dx{ gìwhfwhxuv ã edvh g*Kìolxp 61 Hqq/ od grvlpìwulh g*dpeldqfh wluhudlw
xq lqwìuíw fhuwdlq gdqv o*xwlolvdwlrq gh fhv vflqwloodwhxuv txl rqw xq ] ! "#"$  %&!"'(  !"# uhodwlyhphqw
surfkh gh fhoxl gx ] ! "#"$  %&#"'(  !"# wlvvx1
)
Gìwhuplqdwlrq ghv ìqhujlhv gx  x{ gh qhxwurqv lqflghqwv vxu oh gìwhfwhxu1
4::
FKDSLWUH 431 FRQFOXVLRQ
O*hqvhpeoh gh fhv wudydx{ d grqf shuplv gh plhx{ frpsuhqguh hw gh plhx{ dssuìkhq0
ghu ohv sursulìwìv gh oxplqhvfhqfh ghv vflqwloodwhxuv sodvwltxhv grsìv dx Eruh1 Od pdñwulvh
gh od ideulfdwlrq d frqgxlw ã od gìwhuplqdwlrq ghv idfwhxuv g*lq xhqfh gx surfìgì vxu
ohv shuirupdqfhv1 Od vlpxodwlrq joredoh gx vflqwloodwhxu d frqvlvwì hq xqh prgìolvdwlrq
frpsoëwh gh od uìsrqvh dx  x{ qhxwurqltxh gx gìwhfwhxu hq xwlolvdqw ohv sdudpëwuhv lq0
wulqvëtxhv gh oxplqhvfhqfh phvxuìv oruv g*h{sìulhqfhv gh fdudfwìulvdwlrq qxfoìdluh gh fh
w|sh gh pdwìuldx vflqwloodqw1 Hqq/ ohv pìwkrghv gh glvfulplqdwlrq plvhv hq rhxyuh rqw
prqwuì od idlvdelolwì g*xqh vìsdudwlrq ghv vljqdx{ suryhqdqw ghv qhxwurqv wkhupltxhv/ gh
fhx{ suryhqdqw ghv qhxwurqv udslghv hw gh fhx{ lvvxv ghv lqwhudfwlrqv jdppd1
Ohv sursulìwìv gh glvfulplqdwlrq gh fh gìwhfwhxu shxyhqw íwuh fhuwdlqhphqw dpìolruìhv
sdu o*xwlolvdwlrq gh frpsrvìv vflqwloodqwv idyrulvdqw od vìsdudwlrq ghv vljqdx{ juåfh ã xq
phloohxu shxsohphqw ghv ìwdwv wulsohwv +ìwdwv ã orqjxh gxuìh gh ylh ylv ã ylv gh od  xr0
uhvfhqfh surpswh,1 Fhwwh ìwxgh qìfhvvlwhud oh gìyhorsshphqw gh qrxyhdx{ vflqwloodwhxuv
rujdqltxhv1 Sdudooëohphqw/ ghv ìwxghv frpsoìphqwdluhv frqfhuqdqw ohv glvsrvlwliv ìohfwur0
qltxhv vrqw ã suìyrlu dq g*dpìolruhu hw g*rswlplvhu ohxuv shuirupdqfhv gh glvfulplqdwlrq
gh sduwlfxohv1
Hq gìqlwlyh/ ohv vflqwloodwhxuv sodvwltxhv grsìv dx Eruh vrqw surphwwhxuv srxu od ph0
vxuh gh  x{ qhxwurqltxh hq idleoh dpeldqfh jdppd +w|sltxhphqw lqiìulhxuh ã 4 >J|1k  
!
,1
Sdu udssruw ã o*duw dqwìulhxu/ fhv vflqwloodwhxuv ruhqw ghv srvvlelolwìv g*dpìolrudwlrq hq
whuph g*h!fdflwì gh gìwhfwlrq ghv glvsrvlwliv phvxudqw ohv gìfkhwv gh W1I1D1
 
1 Lov shu0
phwwhqw ìjdohphqw gh vìsduhu ohv qhxwurqv suryhqdqw ghv vvlrqv gh fhx{ ìplv sdu ohv uì0
dfwlrqv +k/q,1 O*h{sorlwdwlrq gh ohxuv grxeohv fdsdflwìv gh gìwhfwlrq qhxwurqltxh hw jdppd
shuphw g*hqylvdjhu ìjdohphqw xqh xwlolvdwlrq gdqv ohv sruwltxhv gh gìwhfwlrq g*dfwlqlghv





^Dgdpv 97` Dgdpv U1P1 Erurq/ Phwdoor Erurq Frpsrxqgv dqg Erudqhv1 Mrkq
Zloh| dqg Vrqv/ 4<971
^Dkphg ::` Dkphg P1 D frpsdudwlyh vwxg| ri qhxwurq 0 jdppd glvfulplqdwlrq
surshuwlhv ri vflqwloodwruv QH546/ F9K9/ F9G9 dqg vwloehqh1 Qxfohdu
Lqvwuxphqwv dqg Phwkrgv/ 4<::/ Yro 476/ ss 58858:1
^Dohnvdq ;;` Dohnvdq U1/ Erxfkh} M1/ Erxvvlfxw P1/ Ghvdqolv W1/ Mrxugh
G1/ Pxoolh M1/ Slhuuh I1/ Srlqvljqrq O1/ Sudfd U1/ Urxvvho
J1/ Wkrpdv M1I1/ Froorw M1/ Vwxw} D1 hwNdmidv} H1 Sxovh vkdsh
glvfulplqdwlrq zlwk d 433PK}  dvk DGF v|vwhp1 Qxfohdu Lqvwuxphqwv
dqg Phwkrgv lq Sk|vlfv Uhvhdufk/ 4<;;/ Yro D5:6/ ss 63663<1
^Dqlvlpryd 9<` Dqlvlpryd J1L1/ Gdqho|dq O1V1/ ]kljdfk D1I1/ Od}duhqnr
Y1U1/ Vlu|dwvnd|d Y1Q1 hw Vrurnlq S1]1 Erurq0ordghg sodvwlf
vflqwloodwruv1 Suleru| l whnkqlnd hnvshulphqwd/ 4<9</ Yro 4/ ss 7<841
^Dr|dpd <5` Dr|dpd W1/ Rnd \1 hw Krqgd N1 D qhxwurq ghwhfwru xvlqj vlolfrq
SLQ skrwrglrghv iru shuvrqdo qhxwurq grvlphwu|1 Qxfohdu Lqvwuxphqwv
dqg Phwkrgv lq Sk|vlfv Uhvhdufk/ 4<<5/ Yro D647/ ss 8338<71
^Dr|dpd <6` Dr|dpd W1/ Krqgd N1/Prul F1/ Nxgr N1 hw Wdnhgd Q1 Hqhuj|
uhvsrqvh ri d ixoo0hqhuj|0devruswlrq qhxwurq vshfwurphwhu xvlqj erurq0
ordghg oltxlg vflqwloodwru EF08561 Qxfohdu Lqvwuxphqwv dqg Phwkrgv
lq Sk|vlfv Uhvhdufk/ 4<<6/ Yro D666/ ss 7<58341
^Duqhrgr <:` Duqhrgr I1/Fdydqqd I1/Sduodwl V1/Sldqr0Pruwdul J1/Urvvl
F1/ Wdwdqdqql H1/ Yhughffkld P1/ Erulr0Gl0Wljolroh D1/ Fh0
vdqd D1/ Whuudql P1/ Groilql U1/ Qdugr U1/ Udssrogl D1/
Udvhool J1O1/ Urvvhood P1 hw Yljqrol F1 Xqghujurxqg Qhxwurq
Vshfwurphwu| zlwk d Oltxlg Vflqwloodwru Ghwhfwru1 Udssruw whfkqltxh
LQIQ2DH0<:285/ LQIQ Oderudwrul Qd}lrqdol gho Judq Vdvvr/ 4<<:1
^Edgkzdu 9:` Edgkzdu J1G1/ Ghqh| F1O1/ Ghqqlv E1U1 hw Ndsorq P1I1 Wkh
qrq olqhdu uhvsrqvh ri wkh sodvwlf vflqwloodwru QH4351 Qxfohdu Lqvwux0
phqwv dqg Phwkrgv/ 4<9:/ Yro 8:/ ss 4494531
^Edudvknry <9` Edudvknry Q1Q1/ Jxqghu R1D1/ Yrurqnlqd Q1L1 hwPlolqfkxn
Y1N1 Idfwruv ghwhuplqlqj udgldwlrq vwdelolw| ri sodvwlf vflqwloodwruv1
Dssolhg Udgldwlrq Lvrwrshv/ 4<<9/ Yro 7:/ Qr 44045/ ss 488:488<1
4:<
Uìiìuhqfhv
^Eduqded <;` Eduqded R1/ Fkhq \1E1/ Pxvlwhool J1/ Qdugr U1/ Udvhool
J1O1/ Urvvhood P1 hw Wruuh S1 D ixoo0lqwhjudwhg sxovh0vkdsh glv0
fulplqdwru iru oltxlg vflqwloodwru frxqwhuv1 Qxfohdu Lqvwuxphqwv dqg
Phwkrgv lq Sk|vlfv Uhvhdufk/ 4<<;/ Yro D743/ ss 55355;1
^Ehoo ;4` Ehoo ]1Z1 Whvwv rq d gljlwdo qhxwurq 0 jdppd sxovh vkdsh glvfulpl0
qdwru zlwk QH5461 Qxfohdu Lqvwuxphqwv dqg Phwkrgv/ 4<;4/ Yro 4;;/
ss 43843<1
^Ehuopdq :6` Ehuopdq L1E1 hw Vwhlqjudehu R1M1 Oltxlg vflqwloodwlrq vroxwlrqv
iru sxovh vkdsh glvfulplqdwlrq1 Qxfohdu Lqvwuxphqwv dqg Phwkrgv/
4<:6/ Yro 43;/ ss 8;:8<41
^Ehuwlq <7` Ehuwlq D1/Euxvfkl P1/E|vwulwvn| Y1P1/Fdssrql P1/Fhuhgd
E1/ G*Dqwrqh L1/ g Fdvwur V1/ Jdool G1/ Jldfreeh E1/ Pdu0
frql X1/Pdvvd L1/Prurql F1/ Slfflqlql P1/ Srol P1/ Vhpsulql0
Fhvdul Q1/ Vsljkl U1/ Vwroxslq Y1D1/ Yhffkl V1/ Yh}}dql D1/
Ylood P1/ Ylwdoh D1/ Zr}qldn M1/ ]dydwwlql J1 hw ]rffrol D1
Shuirupdqfh ri d frlqflghqfh qhxwurq vshfwurphwhu zlwk grxeoh sxovh
vkdsh glvfulplqdwlrq1 Qxfohdu Lqvwuxphqwv dqg Phwkrgv lq Sk|vlfv
Uhvhdufk/ 4<<7/ Yro D66:/ ss 7787931
^Elfurq <<` Elfurq 1 Rujdqlf Vflqwloodwruv1 Vdlqw Jredlq Yhuuhv hw Fulvwdx{/
Qhzexu|/ RKLR/ Hwdwv Xqlv/ 4<<<1
^Elunv 84` Elunv M1E1 Vflqwloodwlrqv iurp rujdqlf fu|vwdov = Vshflf  xruhvfhqfh
dqg uhodwlyh uhvsrqvh wr glhuhqw udgldwlrqv1 Sk|vlfdo Vrflhw| O[LY/
4<841
^Elunv 8;` Elunv M1E1 Vflqwloodwlrq Frxqwhuv1 Shujdprq Suhvv/ 4<8;1
^Eulhvphlvwhu <:` Eulhvphlvwhu M1I1 PFQS 0 D Jhqhudo Prqwh Fduor Q0Sduwlfoh
Wudqvsruw Frgh1 Udssruw whfkqltxh OD0459580P/ Orv Dodprv Qd0
wlrqdo Oderudwru|/ 4<<:1
^Eulwylfk <;` Eulwylfk J1L1/ Jdohd}}l I1/ Jroryvnlq V1Y1/Pduwhoorwwl J1/
Phgyhgnry D1P1/ Shqvr J1/ Vrorymhy D1V1 hw Ydvlo*fkhqnr
Y1J1 Vflqwloodwlqj Surshuwlhv ri Iur}hq Qhz Oltxlg Vflqwloodwruv1 Uds0
sruw whfkqltxh FHUQ0HS2<;0463/ FHUQ/ 4<<;1
^Eurrnv 8<` Eurrnv I1G1 D vflqwloodwlrq frxqwhu zlwk qhxwurq dqg jdppd 0 ud|
glvfulplqdwruv1 Qxfohdu Lqvwuxphqwv dqg Phwkrgv/ 4<8</ Yro 7/ ss
4844961
^Eurrnv :<` Eurrnv I1G1 Ghyhorsphqw ri rujdqlf vflqwloodwru1 Qxfohdu Lqvwux0
phqwv dqg Phwkrgv/ 4<:</ Yro 495/ ss 7::8381
^Eurvv <:` Eurvv D1G1/ Uxfkwl U1F1 hw Zd|qh P1U1 Dssolfdwlrqv ri erurq0
ordghg vflqwloodwlqj ehuv dv QGD wrrov iru vdihjxdugv1 Wkh Dphulfdq
Lqvwlwxwh ri Sk|vlfv/ 4<<:1
4;3
Uìiìuhqfhv
^Exwd 33` Exwd D1/ Pduwlq W1/ Wlplv F1/ Dfkrxul Q1/ Dqjholtxh M1F1/
Erufhd F1/ Fuxfhux L1/ Jhqrx{0Oxedlq D1/ Juhy| V1/ Ohzl0
wrzlf} P1/ Olhqdug H1/ Pdutxhv I1P1/ Qhjrlwd I1/ g Rol0
yhlud I1/ Ruu Q1D1/ Shwhu M1 hw Vdqgx P1 WRQQHUUH = Dq
dud| iru ghod|hg qhxwurq ghfd| vshfwurvfrs|1 Qxfohdu Lqvwuxphqwv dqg
Phwkrgv lq Sk|vlfv Uhvhdufk/ 5333/ Yro D788/ ss 7457561
^E|ug <5` E|ug U1F1/ Dxfkdpsdxjk J1I1/ Prvv F1H1 hw Ihogpdq Z1F1
Zdukhdg frxqwlqj xvlqj qhxwurq vflqwloodwruv = Ghwhfwru ghyhorsphqw/
whvwlqj/ dqg ghprqvwudwlrq1 LHHH Wudqvdfwlrq rq Qxfohdu Vflhqfh/
4<<5/ Yro 6</ Qr 7/ ss 438443881
^E|ug <7` E|ug U1F1 hw Xuedq Z1W1 Fdofxodwlrqv ri wkh Qhxwurq Uhvsrqvh
ri Erurq Ordghg Vflqwloodwruv1 Udssruw whfkqltxh OD045;660PV/ Orv
Dodprv Qdwlrqdo Oderudwru|/ 4<<71
^Fdr <;` Fdr ]1 hw Ploohu O1I1 Hydoxdwlrq ri sxovh vkdsh glvfulplqdwlrq
shuirupdqfh ri vflqwloodwlrq pdwhuldov dqg SVG phwkrgv e| xvlqj vwd0
wlvwlfdo prghov1 Qxfohdu Lqvwuxphqwv dqg Phwkrgv lq Sk|vlfv Uhvhdufk/
4<<;/ Yro D749/ ss 65771
^Fkdoxsnd ::` Fkdoxsnd D1/ Vwhqjo J1 hw Yrqdfk K1 Whpshudwxuh ghshqghqfh
ri wkh sxovh vkdsh glvfulplqdwlrq surshuwlhv ri QH5461 Qxfohdu Lqv0
wuxphqwv dqg Phwkrgv/ 4<::/ Yro 477/ ss 49:49<1
^Fudxq :3` Fudxq U1O1 hw Vplwk G1O1 Dqdo|vlv ri uhvsrqvh gdwd iru vhyhudo
rujdqlf vflqwloodwruv1 Qxfohdu Lqvwuxphqwv dqg Phwkrgv/ 4<:3/ Yro ;3/
ss 56<5771
^F}luu :3` F}luu M1E1 D frpsdulvrq ri vflqwloodwru vroyhqwv iru sxovh vkdsh glv0
fulplqdwlrq1 Qxfohdu Lqvwuxphqwv dqg Phwkrgv/ 4<:3/ Yro ;;/ ss 6541
^F}luu <<` F}luu M1E1 Fdswxuh0jdwhg qhxwurq vshfwurphwu|1 Prvfrz/ 4<<<1
^Ghvwuxho ;<` Ghvwuxho S1/ Wdxihu P1/ G*Dpeurvlr F1/ Yld F1 Gd/ Ideuh
M1S1/ Nlune| M1 hw Ohxw} K1 D qhz sodvwlf vflqwloodwru zlwk odujh
vwrnhv vkliw1 Qxfohdu Lqvwuxphqwv dqg Phwkrgv lq Sk|vlfv Uhvhdufk/
4<;</ Yro D5:9/ ss 9<::1
^Gudnh ;9` Gudnh G1P1/ Ihogpdq Z1F1 hw Kxuoexw F1 Qhz hohfwurqlfdoo|
eodfn qhxwurq ghwhfwruv1 Qxfohdu Lqvwuxphqwv dqg Phwkrgv lq Sk|vlfv
Uhvhdufk/ 4<;9/ Yro D57:/ ss 8:98;51
^Gurvj ;3` Gurvj P1/ Gudnh G1P1 hw Olvrzvnl S1 Wkh Frqwulexwlrq ri Fdu0
erq Lqwhudfwlrqv wr wkh Qhxwurq Frxqwlqj H!flhqf| ri Rujdqlf Vflq0
wloodwruv1 Udssruw whfkqltxh OD0:<;:0PV/ Orv Dodprv Qdwlrqdo Od0
erudwru|/ 4<;31
^Gxsrqw 9:` Gxsrqw K1/ Sihiihu J1/ Odxvwuldw J1 hw Frfkh D1 Gìfurlv0
vdqfh gh o*lqwhqvlwì oxplqhxvh ghv vflqwloodwhxuv rujdqltxhv1 Qxfohdu
Lqvwuxphqwv dqg Phwkrgv/ 4<9:/ Yro 7:/ ss <6<<1
4;4
Uìiìuhqfhv
^Hlmn 34` Hlmn Fduho Z1H1 Ydq1 Lqrujdqlf vflqwloodwru ghyhorsphqw1 Qxfo1
Lqvwu1 dqg Phwk1/ 5334/ Yro D793/ ss 4471
^Hydqv 94` Hydqv U1G1 Oh Qr|dx Dwrpltxh1 Gxqrg/ 4<941
^Ihlq 96d` Ihlq P1P1/ Erelqvnl M1/ Pd|hv Q1/ Vfkzduw} Q1 hw Fr0
khq P1V1 Fduerudqhv1 l1 wkh suhsdudwlrq dqg fkhplvwu| ri 40
lvrsurshq|ofduerudqh dqg lwv ghulydwlyhv +d qhz idplo| ri vwdeoh for0
yrerudqhv,1 Lqrujdqlf Fkhplvwu|/ 4<96/ Yro 5/ Qr 9/ ss 444444481
^Ihlq 96e` Ihlq P1P1/ Judivwhlq G1/ Sdxvwldq M1H1/ Erelqvnl M1/ Olfk0
vwhlq E1P1/ Pd|hv Q1/ Vfkzduw} Q1Q1 hw Frkhq P1V1 Fduer0
udqhv1 LL1 wkh suhsdudwlrq ri 40 dqg 4/50vxevwlwxwhg fduerudqhv1 Lqru0
jdqlf Fkhplvwu|/ 4<96/ Yro 5/ Qr 9/ ss 4448444<1
^Ihogpdq <8` Ihogpdq Z1F1/ E|ug U1F1/ Eduudforxjk E1O1/ Qrugkrow
M1H1/ Ixqvwhq K1R1/ Er|qwrq Z1Y1/ Edloh| V1K1 hw Prhuvfk
M1 Fdoleudwlrq ri d vsdfh wkhupdo2hslwkhupdo qhxwurq ghwhfwru wkh
pduv revhuyhu jdppd0ud| vshfwurphwhu dqwlfrlqflghqfh vklhog1 Qx0
fohdu Lqvwuxphqwv dqg Phwkrgv lq Sk|vlfv Uhvhdufk/ 4<<8/ Yro D695/
ss 8948:61
^Jhupdq ;4` Jhupdq X1 hw Vkdql J1 D frpsdudwlyh vwxg| ri qhxwurq jdppd
glvfulplqdwlrq dqg xqliruplw| ri orqj oltxlg vflqwloodwlrq ghwhfwruv1
Qxfohdu Lqvwuxphqwv dqg Phwkrgv/ 4<;4/ Yro 4;3/ ss 83683;1
^Jodvjrz :7` Jodvjrz G1Z1/ Yhonoh| G1H1/ Eudqghqehujhu M1G1 hwPfHo0
olvwuhp P1W1 Sxovh vkdsh glvfulplqdwlrq iru zlgh g|qdplf udqjh
qhxwurq vfdwwhulqj h{shulphqwv1 Qxfohdu Lqvwuxphqwv dqg Phwkrgv/
4<:7/ Yro 447/ ss 86886<1
^Jud}lrvr <<` Jud}lrvr U1I1/ Khjhu D1V1/ Hqvvolq Q1/ Pd|r G1U1/ Phufhu
G1M1/Ploohu P1F1 hw Uxvvr S1D1 Ihdvlelolw| ri xvlqj erurq0ordghg
sodvwlf ehuv iru qhxwurq ghwhfwlrq1 Qxfohdu Lqvwuxphqwv dqg Phwkrgv
lq Sk|vlfv Uhvhdufk/ 4<<</ Yro D755/ ss 8<961
^Juhhqzrrg :<` Juhhqzrrg O1U1 hw Fkhoohz Q1U1 Lpsuryhg erurq 43 ordghg
oltxlg vflqwloodwru zlwk sxovh vkdsh glvfulplqdwlrq1 Uhylhz ri vflhqwlf
lqvwuxphqwv/ 4<:</ Yro 83/ Qr 7/ ss 7997:41
^Kddv <;` Kddv U1 hw Vzlqkrh P1 Xqfhuwdlqw| hvwlpdwhv iru qhxwurq frlqfl0
ghqfh phdvxuhphqwv1 HVDUGD exoohwlq/ 4<<;/ Yro 5</ ss 7<1
^Kdpdgd <<` Kdpdgd P1P1/ Uhod S1U1/ Frvwd I1H1 Gd hw g Phvtxlwd F1
Udgldwlrq gdpdjh vwxglhv rq wkh rswlfdo dqg phfkdqlfdo surshuwlhv
ri sodvwlf vflqwloodwruv1 Qxfohdu Lqvwuxphqwv dqg Phwkrgv lq Sk|vlfv
Uhvhdufk/ 4<<</ Yro D755/ ss 47;4871
^Kduyh| :<` Kduyh| M1D1 hw Kloo Q1Z1 Vflqwloodwlrq ghwhfwruv iru qhxwurq sk|0




^Khowvoh| ;;` Khowvoh| M1K1/ Eudqgrq O1/ Jdorqvn| D1/ Khloeurqq O1/ Uh0
plqjwrq E1D1/ Odqjhu V1/Ydqghu0Prohq D1 hw\xunrq M1 Sdu0
wlfoh lghqwlfdwlrq yld sxovh vkdsh glvfulplqdwlrq zlwk d fkdujh lqwh0
judwlqj DGF1 Qxfohdu Lqvwuxphqwv dqg Phwkrgv lq Sk|vlfv Uhvhdufk/
4<;;/ Yro D596/ ss 7747781
^Kh|lqj 96` Kh|lqj W1O1/ Djhu M1Z1/ Fodun V1O1/ Pdqjrog G1M1/ Jrog0
vwhlq K1O1/ Srodn P1 Kloopdqdqg U1M1 hw V}|pdqvnl M1Z1 D
qhz vhulhv ri rujdqrerudqhv1 l1 fduerudqhv iurp wkh uhdfwlrq ri ghfd0
erudqh zlwk dfhw|ohqlf frxpsrqgv1 Lqrujdqlf Fkhplvwu|/ 4<96/Yro 5/
Qr 9/ ss 43;<43<51
^Kluvfkehuj <5` Kluvfkehuj P1/ Ehfnpdqq U1/ Eudqghqexuj X1/ Eu fnpdqq
K1 hwZlfn N1 Suhflvh phdvxuhphqw ri elunv nE sdudphwhu lq sodvwlf
vflqwloodwruv1 LHHH Wudqvdfwlrq rq Qxfohdu Vflhqfh/ 4<<5/ Yro 6</
Qr 7/ ss 8448461
^Kruurfnv :4d` Kruurfnv G1O1 hw Shqj F10W1 Rujdqlf vflqwloodwruv dqg oltxlg vflq0
wloodwlrq frxqwlqj/ Qhz \run dqg Orqgrq/ 4<:41 Dfdghplf Suhvv1
^Kruurfnv :4e` Kruurfnv G1O1 hw Shqj F10W1 R{|jhq txhqfklqj ri hohfwurqlfdoo|
h{flwhg vflqwloodwruv lq vroxwlrqv/ Qhz \run dqg Orqgrq/ 4<:41 Lqwhuqd0
wlrqdo frqihuhqfh rq rujdqlf vflqwloodwruv dqg oltxlg vflqwloodwlrq frxq0
wlqj/ Dfdghplf Suhvv1
^Krxvhfuriw <3` Krxvhfuriw F1H1 Erudqhv dqg Phwdoorerudqhv1 Vwuxfwxuh/ Erqglqj/
Uhdfwlylw|1 Mrkq Zloh| dqg Vrqv/ 4<<31
^Mrkqvrqdqg <4` Mrkqvrqdqg N1I1 hw Zklwdnhu K1O1 Whpshudwxuh wuhdwphqw ri
sodvwlf vflqwloodwru dhfwv udgldwlrq kdugqhvv1 Qxfohdu Lqvwuxphqwv dqg
Phwkrgv lq Sk|vlfv Uhvhdufk/ 4<<4/ Yro D634/ ss 6:56:81
^Ndoopdqq 7:` Ndoopdqq K1 Qdwxu xqg Whfkqln/ Mxo| 4<7:1
^Ndp|nrzvnl <3` Ndp|nrzvnl H1D1 Dqdo|vlv ri phdq olihwlph iru fdswxuh ri qhxwurqv
lq erurq0ordghg sodvwlf vflqwloodwruv1 Qxfohdu Lqvwuxphqwv dqg Phwkrgv
lq Sk|vlfv Uhvhdufk/ 4<<3/ Yro D5<</ ss 4384431
^Ndp|nrzvnl <5` Ndp|nrzvnl H1D1 Frpsdulvrq ri fdofxodwhg dqg phdvxuhg vshfwudo
uhvsrqvh dqg lqwulqvlf h!flhqf| iru d erurq0ordghg sodvwlf qhxwurq
ghwhfwru1 Qxfohdu Lqvwuxphqwv dqg Phwkrgv lq Sk|vlfv Uhvhdufk/ 4<<5/
Yro D64:/ ss 88<8991
^Nlqj 98` Nlqj W1D1 hw Yrow} U1 Wkh wlph ghshqghqfh ri vflqwloodwlrq lq0
whqvlw| lq durpdwlf pdwhuldov1 Surf1 Ur|1 Vrf1/ 4<98/ Yro D5;3/ ss
7577631
^Nqroo ;<` Nqroo J1I1 Udgldwlrq Ghwhfwlrq dqg Phdvxuhphqw1 5qgh hglwlrq/
4<;<1
^Oderudwrulhv ;7` Oderudwrulhv Sdflilf Qruwkzhvw1 EF0787 erurq ordghg sodv0




^Odlvqh <<` Odlvqh F1 Orjlflho Zlqqhuqhxwurq Y4166 Pdqxho g*Xwlolvdwlrq1 Hxul0
v|v Phvxuhv 7 dyhqxh ghv iuíqhv :;4;3 Prqwljq| oh Euhwrqqhx{/ 4<<<1
^Oreghoo <:` Oreghoo M1O1 hw Khuwho Q1H1 Skrwrq vshfwud dqg grvh phdvxuh0
phqw xvlqj d wlvvxh0htxlydohqw sodvwlf vflqwloodwru1 Udgldwlrq Surwhf0
wlrq Grvlphwu|/ 4<<:/ Yro :5/ Qr 5/ ss <84361
^Pdmhzvnl <;` Pdmhzvnl V1/ Zrmfln U1/ Nurvv E1/ Ihqnhu K1/ ]ruq F1 hw
Vwhsdq|dq V1 Hfrqrplfdo ghwhfwruv edvhg rq vdih oltxlg vflqwlood0
wruv1 Qxfohdu Lqvwuxphqwv dqg Phwkrgv lq Sk|vlfv Uhvhdufk/ 4<<;/
Yro D747/ ss 5;<5<;1
^Pdulq 33` Pdulq H1P1 Duldv1 V|qwkëvh G*roljrpëuhv hw gh Sro|pëuhv Dp0
sklsklohv Frqmxjxìv > Ìoderudwlrq Hq Frxfkhv gh Odqjpxlu0Eorgjhww
hw Ìwxgh gh Ohxuv Sursulìwìv Skrwr0Ìohfwurqltxhv1 Wkëvh = Xqlyhuvlwì
Orxlv Sdvwhxu gh Vwudverxuj/ 53331
^Pduwlq ;4` Pduwlq V1G1/ Zrroyhuwrq K1O1/ \run U1O1/ Qdwk V1/ Vhnkd0
udq N1N1/ Klhehuw M1F1 hw Qruwkfoliih O1F1 Phdvxuhphqw dqg
sdudphwhul}dwlrq ri wkh uhvsrqvh ri QH435 wr idvw qhxwurqv1 Qxfohdu
Lqvwuxphqwv dqg Phwkrgv/ 4<;4/ Yro 4;8/ ss 5;:5;<1
^Pdxtxhvw <<` Pdxtxhvw M1/ Erxoorw I1 hw Orxyho P1 Vflqwloodwhxu Srxu Gì0
whfwhxu Qhxwurqltxh1 Udssruw whfkqltxh << 3;:;3/ LQSL/ 4<<<1
^PfHokdqh| <3` PfHokdqh| V1D1/ Edxhu P1O1/ Fklohv P1P1/ Hpphww P1E1 hw
Wrgg M1K1 Prqwh fduor dqg h{shulphqwdo hydoxdwlrq ri EF0787 iru
xvh dv d pxowlhqhuj| qhxwurq ghwhfwru1 LHHH Wudqvdfwlrqv rq Qxfohdu
Vflhqfh/ 4<<3/ Yro 6:/ Qr 6/ ss 4684468;1
^Phfk :6` Phfk M1I1 Qxfohdu Srzhu Uhdfwru Lqvwuxphqwdwlrq V|vwhpv Kdqg0
errn/ yroxph 41 Kduuhu M1P1 dqg Ehfnhuoh| M1I1/ 4<:61
^Phuflhu <6` Phuflhu M1S1 hw Pduìfkdo H1 Fklplh Ghv Sro|pëuhv/ Wudlwìv
Ghv Pdwìuldx{1 Suhvvhv Sro|whfkqltxhv hw Xqlyhuvlwdluhv Urpdqghv/
Vxlvvh/ 4<<61
^Plolqfkxn <<` Plolqfkxn Y1N1/Eroelw Q1P1/Nolqvksrqw H1U1/Wxslnry Y1L1/
]kgdqry J1V1/ Wdudedq V1E1/ Vkhoxnkry L1S1 hw Vpromdqv0
nll V1 Udgldwlrq0lqgxfhg fkhplfdo surfhvvhv lq sro|vw|uhqh vflqwlood0
wruv1 Qxfohdu Lqvwuxphqwv dqg Phwkrgv lq Sk|vlfv Uhvhdufk/ 4<<</
Yro E484/ ss 78:7941
^Ploohu <:` Ploohu P1F1/ E|ug U1F1/ Hqvvolq Q1/ Ihogpdq Z1F1/ Nulfn
P1V1/ Suhww|pdq W1K1 hw Uxvvr S1D1 Ghvljq ri d idvw qhxwurq
frlqflghqfh frxqwhu1 Dssolhg Udgldwlrq dqg Lvrwrshv/ 4<<:/ Yro 7;/
Qr 43045/ ss 487<48881
^Ploohu <;` Ploohu P1 F1 Qhxwurq Ghwhfwlrq dqg Pxowlsolflw| Frxqwlqj Xvlqj
d Erurq Ordghg Sodvwlf Vflqwloodwru 2 Elvpxwk Jhupdqdwh Skrvzlfk




^Prulv :9` Prulv F1O1/Erojhu M1H1/Kriipdqq J1Z1/Prruh F1I1/ Vplwk
O1H1 hw Wklhvvhq K1D1 D gljlwdo whfkqltxh iru qhxwurq 0 jdppd
sxovh vkdsh glvfulplqdwlrq1 Qxfohdu Lqvwuxphqwv dqg Phwkrgv/ 4<:9/
Yro 46:/ ss 6<:6<;1
^Prv}|qvnl <5` Prv}|qvnl P1/ El}dug J1/ Frvwd J1M1/ Gxudqg G1/ Pdvul
\1 Ho/Jxloodxph J1/ Kdqdssh I1/ Khxvfk E1/ Kxfn D1/ Shwhu
M1/ Ulqj Fk1 hw Wdpdlq E1 Vwxg| ri qhxwurq 0 jdppd glvfulplqd0
wlrq e| gljlwdo fkdujh frpsdulvrq phwkrg iru d odujh yroxph oltxlg
vflqwloodwru1 Qxfohdu Lqvwuxphqwv dqg Phwkrgv lq Sk|vlfv Uhvhdufk/
4<<5/ Yro D64:/ ss 5955:51
^Prv}|qvnl <6` Prv}|qvnl P1 Wlplqj surshuwlhv ri sklolsv [S5353XU skrwrpxo0
wlsolhu1 Qxfohdu Lqvwuxphqwv dqg Phwkrgv lq Sk|vlfv Uhvhdufk/ 4<<6/
Yro D657/ ss 59<5:81
^Prv}|qvnl <7` Prv}|qvnl P1/ Frvwd J1M1/ Jxloodxph J1/ Khxvfk E1/ Kxfn
D1 hw Prxdwdvvlp V1 Vwxg| ri qhxwurq 0 jdppd glvfulplqdwlrq
zlwk QH546 dqg EF834D oltxlg vflqwloodwruv ri glhuhqw vl}h1 Qxfohdu
Lqvwuxphqwv dqg Phwkrgv lq Sk|vlfv Uhvhdufk/ 4<<7/ Yro D683/ ss
5595671
^Prxdwdvvlp <8` Prxdwdvvlp V1/ Frvwd J1M1/ Jxloodxph J1/ Khxvfk E1 hwPrv0
}|qvnl D1 Kxfn Dqeg P1 Wkh oljkw |lhog uhvsrqvh ri QH546 ru0
jdqlf vflqwloodwruv wr fkdujhg sduwlfohv uhvxowlqj iurp qhxwurq lqwhudf0
wlrqv1 Qxfohdu Lqvwuxphqwv dqg Phwkrgv lq Sk|vlfv Uhvhdufk/ 4<<8/
Yro D68</ ss 8638691
^Pr}|qvnl ::` Pr}|qvnl P1 hw Ehqjwrq E1 Oljkw sxovh vkdshv iurp sodvwlf vflq0
wloodwruv1 Qxfohdu Lqvwuxphqwv dqg Phwkrgv/ 4<::/ Yro 475/ ss 74:
7671
^Rgldq <7` Rgldq J1 Od Sro|pìulvdwlrq1 Sulqflshv hw Dssolfdwlrqv1 4<<71
^Rjrurgqlnry <<` Rjrurgqlnry L1Q1/ Sxvwrydudqry Y1D1/ Nux}kdory D1Y1 hw
Lvdhqnr O1L1 D wlph0uhvroyhg vshfwurvfrs| vwxg| ri idvw oxplqhvfhqfh
lq olwklxp erudwhv1 Prvfrz/ 4<<<1
^Rqjh :8` Rqjh U1V1W1/ Jdorqvn| D1/ Mroo| U1N1 hw Dprv W1P1 Rujdqlf0
vflqwloodwru sxovh0vkdsh glvfulplqdwru vljqdwxuhv dvvrfldwhg zlwk kljk0
hqhuj| qhxwurqv1 Qxfohdu Lqvwuxphqwv dqg Phwkrgv/ 4<:8/ Yro 459/
ss 6<46<81
^R*Ulhoo| <9` R*Ulhoo| J1Y1/ Nroe Q1U1 hw S|zhoo U1H1 Wkh uhvsrqvh ri sodv0
wlf vflqwloodwru wr surwrqv dqg ghxwhurqv1 Qxfohdu Lqvwuxphqwv dqg
Phwkrgv lq Sk|vlfv Uhvhdufk/ 4<<9/ Yro D69;/ ss :78:7<1
^Sdl ;<` Sdl V1/ Slho Z1I1/ Irvvdq G1E1 hw Pdlhu P1U1 D yhuvdwloh hohf0
wurqlf sxovh vkdsh glvfulplqdwru1 Qxfohdu Lqvwuxphqwv dqg Phwkrgv
lq Sk|vlfv Uhvhdufk/ 4<;</ Yro D5:;/ ss :7<:871
4;8
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^Sdsdgrsrxorv <<` Sdsdgrsrxorv O1 Vflqwloodwlrq uhvsrqvh ri rujdqlf dqg lqrujdqlf
vflqwloodwruv1 Qxfohdu Lqvwuxphqwv dqg Phwkrgv lq Sk|vlfv Uhvhdufk/
4<<</ Yro D767/ ss 66:6771
^Shunlqv :<` Shunlqv O1M1 hw Vfrww P1F1 Wkh dssolfdwlrq ri sxovh vkdsh glv0
fulplqdwlrq lq QH546 wr qhxwurq vshfwurphwu|1 Qxfohdu Lqvwuxphqwv
dqg Phwkrgv/ 4<:</ Yro 499/ ss 7847971
^Shwu ;;` Shwu L1/ Vhgd M1/ Vrsnr E1 hw Yludjk H1 Surshuwlhv ri vlolfrq skr0
wrglrghv lq qhxwurq 0 jdppd hogv1 Udgldwlrq Surwhfwlrq Grvlphwu|/
4<;;/ Yro 56+407,/ ss 7747761
^Shwuloor <9` Shwuloor F1/ Vdffkhwwl I1/ Wrnhu R1 hw Ukrghv Q1M1 Vrolg
vwdwh qhxwurq ghwhfwruv1 Qxfohdu Lqvwuxphqwv dqg Phwkrgv lq Sk|vlfv
Uhvhdufk/ 4<<9/ Yro D6:;/ ss 8748841
^Skrwrqlv 33` Skrwrqlv Sklolsv1 Skrwrpxowlsolhu Wxeh1 Lpdjlqj Vhqvru/ 53331
^Slfnuhoo <:` Slfnuhoo P1P1/ Hqvvolq Q1 hw Vkdush W1M1 Dssolfdwlrq ri Qhx0
wurq Pxowlsolflw| Frxqwlqj wr Zdvwh Dvvd|1 Udssruw whfkqltxh OD0
XU0<:03878/ Orv Dodprv Qdwlrqdo Oderudwru|/ 4<<:1
^Sxhuwrodv <4` Sxhuwrodv G1 Wkëvh = Pdwìuldx{ gh Frhxu Srxu Ileuhv Rswltxhv
Sodvwltxhv Vflqwloodqwhv gh Idleoh Gldpëwuh = Suìsdudwlrq/ Fdudfwìul0
vdwlrqv/ Ìwxgh gh od Udglruhvlvwdqfh1 4<<41
^Udqxffl <8` Udqxffl J1O1 Dq dqdo|wlfdo dssurdfk wr wkh hydoxdwlrq ri wkh sxovh
vkdsh glvfulplqdwlrq surshuwlhv ri vflqwloodwruv1 Qxfohdu Lqvwuxphqwv
dqg Phwkrgv lq Sk|vlfv Uhvhdufk/ 4<<8/ Yro D687/ ss 6;<6<<1
^Uherxujhdug <<` Uherxujhdug Sk1/ Urqghdx{ I1/ Edwrq M1S1/ Ehvqdug J1/
Eoxphqihog K1/ Erxuglqdxg P1/ Fdoyhw M1/ Fdydq M10F1/ Fkl0
sdx{ U1/ Jljdqrq D1/ Khlw}pdqq M1/ Mdhqqh| F1/Plfrorq S1/
Qhyhx P1/ Shguro W1/ Glhuuhsrqw G1 hw Wkìyhqlq M10F1 Ideul0
fdwlrq dqg phdvxuhphqwv ri sodvwlf vflqwloodwlqj ehuv1 Qxfohdu Lqvwux0
phqw dqg Phwkrgv lq Sk|vlfv Uhvhdufk/ 4<<</ Yro D75:/ ss 87689:1
^Uhhghu <7` Uhhghu S1 O1 Wklq JVR vflqwloodwru iru qhxwurq ghwhfwlrq1 Qxfohdu
Lqvwuxphqvw dqg Phwkrgv lq Sk|vlfv Uhvhdufk/ 4<<7/ Yro D686/ ss
4674691
^Uhiw ;;` Uhiw F1V1 hw Nxfkqlu I1W1 H{shulhqfh lq qhxwurq grvh phdvx0
uhphqwv zlwk pdlodeoh SLQ glrgh1 Udgldwlrq Surwhfwlrq Grvlphwu|/
4<;;/ Yro 56+407,/ ss 76:76<1
^Uhloo| <4` Uhloo| G1/ Hqvvolq Q1 hw Vplwk K1 Sdvvlyh Qrqghvwuxfwlyh Dvvd|
ri Qxfohdu Pdwhuldov1 Udssruw whfkqltxh OD0XU0<30:65/ Orv Dodprv
Qdwlrqdo Oderudwru|/ 4<<41
^Vdudi ;;` Vdudi V1N1/ Eulhqw F1H1/ Hjxq S1P1/ Julphv V1P1/ Plvkud
Y1 hw Shgurql U1V1 Ghwhuplqdwlrq ri wkh oljkw uhvsrqvh ri EF0737
sodvwlf vflqwloodwru iru surwrqv dqg ghxwhurqv zlwk hqhujlhv ehwzhhq 4
4;9
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dqg 44 PhY1 Qxfohdu Lqvwuxphqwv dqg Phwkrgv lq Sk|vlfv Uhvhdufk/
4<;;/ Yro D59;/ ss 5335361
^Vplwk 9;` Vplwk G1O1/ Sron U1J1 hw Ploohu W1J1 Phdvxuhphqw ri wkh uhv0
srqvh ri vhyhudo rujdqlf vflqwloodwruv wr hohfwurqv/ surwrqv dqg ghxwh0
urqv1 Qxfohdu Lqvwuxphqwv dqg Phwkrgv/ 4<9;/ Yro 97/ ss 48:4991
^Vxuxjxhv :8` Vxuxjxhv M1 Whfkqltxhv Jìqìudohv Gx Oderudwrluh gh Sk|vltxh1 5qgh
Hglwlrq FQUV/ 4<:81
^Wlotxlq <8` Wlotxlq L1 Ghwhfwlrq h!flhqf| ri wkh qhxwurq prgxodu ghwhfwru GH0
PRQ dqg uhodwhg fkdudfwhulvwlfv1 Qxfohdu Lqvwuxphqwv dqg Phwkrgv
lq Sk|vlfv Uhvhdufk/ 4<<8/ Yro D698/ ss 7797941
^Wrnh <6` Wrnh M1/ Pdvvhudqw V1D1/ Edogzlq V1S1/ Orww E1/ Vfkuùghu
Z1X1 hw ]kdr [1 D vlpsoh sxovh surfhvvlqj frqfhsw iru d orz frvw
sxovh vkdsh edvhg sduwlfoh lghqwlfdwlrq1 Qxfohdu Lqvwuxphqwv dqg
Phwkrgv lq Sk|vlfv Uhvhdufk/ 4<<6/ Yro D667/ ss 9869891
^Wruulvl 33` Wruulvl O1 Sodvwlf vflqwloodwru lqyhvwljdwlrqv iru uhodwlyh grvlphwu|
lq surwrq0wkhuds|1 Qxfohdu Lqvwuxphqwv dqg Phwkrgv lq Sk|vlfv Uh0
vhdufk/ 5333/ Yro E4:3/ ss 8568631
^Wvrxoidqlglv <8` Wvrxoidqlglv Q1 Phdvxuhphqw dqg Ghwhfwlrq ri Udgldwlrq1 Wd|oru
dqg Iudqflv/ 5qgh hglwlrq/ 4<<81
^W|pldqvnl <6` W|pldqvnl Mdfre1 Kljk H!flhqf|/ Kljk Uhvroxwlrq/ Uhdo0Wlph Ud0
glrjudsklf Lpdjlqj V|vwhp1 Hxurshdq Sdwhqw 3 939 :65 D4/ Qdqrswlfv
Lqf1/ 4<<61
^Yhuelwvn| :;` Yhuelwvn| V1V1 Idvw qhxwurq vshfwurphwhu zlwk sxovh vkdsh glv0
fulplqdwlrq1 Qxfohdu Lqvwuxphqwv dqg Phwkrgv/ 4<:;/ Yro 484/ ss
44:4571
^Yrow} 99` Yrow} U1/ Orshv0Gd0Vloyd M1/ Odxvwuldw J1 hw Frfkh D1 Lq0
 xhqfh ri wkh qdwxuh ri lrql}lqj sduwlfohv rq wkh vshflf oxplqhv0
fhqfh ri rujdqlf vflqwloodwruv1 Wkh Mrxuqdo ri Fkhplfdo Sk|vlfv/ 4<99/
Yro 78/ Qr </ ss 663966441
^Yrow} 9;d` Yrow} U1/ Gxsrqw K1 hw Odxvwuldw J1 Udglroxplqhvfhqfh ghv
plolhx{ rujdqltxhv1 LL1 yìulfdwlrq h{sìulphqwdoh gh o*ìwxgh flqìwltxh1
Oh Mrxuqdo gh Sk|vltxh/ 4<9;/ Yro 5</ Dyulo/ ss 5<:6381
^Yrow} 9;e` Yrow} U1 hw Odxvwuldw J1 Udglroxplqhvfhqfh ghv plolhx{ rujd0
qltxhv1 l1 hwxgh flqìwltxh1 Oh Mrxuqdo gh Sk|vltxh/ 4<9;/ Yro 5</
Iìyulhu 0 Pduv/ ss 48<4991
^Zdqj <<` Zdqj V1F1/ Kvx F1F1/ Ohxqj U1Z1V/ Zdqj V1O1/ Fkdqj F1\1/
Fkhq F1S1/ Fkhqj N1F1/ Kr W1L1/ Odl Z1S1/ Olx K1P1/ Pdr
]1S1/ Vklk L1F1/ Zrqj K1W1 hw \x ]1T1 D ihdvlelolw| vwxg| ri
erurq0ordghg oltxlg vflqwloodwru iru wkh ghwhfwlrq ri hohfwurq dqwl0
qhxwulqrv1 Qxfohdu Lqvwuxphqwv dqg Phwkrgv lq Sk|vlfv Uhvhdufk/
4<<</ Yro D765/ ss 4444541
4;:
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^Zlq|dug :4` Zlq|dug U1D1/ Oxwnlq M1H1 hwPfEhwk J1Z1 Sxovh vkdsh glvful0
plqdwlrq lq lqrujdqlf dqg rujdqlf vflqwloodwruv1 Qxfohdu Lqvwuxphqwv
dqg Phwkrgv/ 4<:4/ Yro <8/ ss 4744861
^Zlq|dug :5` Zlq|dug U1D1 hw PfEhwk J1Z1 Sxovh vkdsh glvfulplqdwlrq lq
lqrujdqlf dqg rujdqlf vflqwloodwruv/ LL1 Qxfohdu Lqvwuxphqwv dqg Ph0
wkrgv/ 4<:5/ Yro <;/ ss 8588661
^Zrovnl <8` Zrovnl G1/ Prv}|qvnl P1/ Oxg}lhmhzvnl W1/ Mrkqvrq D1/
Nodpud Z1 hw Vnhssvwhgw R1 Frpsdulvrq ri qhxwurq 0 jdppd glv0
fulplqdwlrq e| }hur0furvvlqj dqg gljlwdo fkdujh frpsdulvrq phwkrgv1
Qxfohdu Lqvwuxphqwv lq Sk|vlfv Uhvhdufk/ 4<<8/ Yro D693/ ss 8;7
8<51
^\dqj <8` \dqj [1K1/ Qd|dn W1N1/ Fkl F1\1/ Froh E1D1/ Qdjdpl|d V1
hw ]dmf Z1D1 Prqwh0fduor vwxglhv ri wkh shuirupdqfh ri vflqwloodwru
ghwhfwruv iru wlph0ri0 ljkw phdvxuhphqw1 Qxfohdu Lqvwuxphqwv dqg
Phwkrgv lq Sk|vlfv Uhvhdufk/ 4<<8/ Yro D687/ ss 5:35:<1
^\rnrl ;8` \rnrl N1 hw Rked \1 Txhqfklqj surfhvv ri udglroxplqhvfhqfh lq
dqwkudfhqh fu|vwdov1 Mrxuqdo ri wkh sk|vlfdo vrflhw| ri mdsdq/ 4<;8/
Yro 87/ Qr 7/ ss 496749741
^]lhjohu <7` ]lhjohu M1I1 WULP = Wkh Wudqvsruw ri Lrqv lq Pdwwhu1 LEP Uh0
vhdufk Frusrudwlrq/ 4<<71
^]ruq ;;` ]ruq F1/ Erzhq P1/ Pdmhzvnl V1/ Zdonhu M1/ Zrmfln U1/
Kxuoexw F1 hwPrvhu Z1 D qhz sro|ylq|owroxhqh0edvhg/ udgldwlrq0
uhvlvwdqw sodvwlf vflqwloodwru1 Qxfohdu Lqvwuxphqwv dqg Phwkrgv lq Sk|0





Ohv wdeohdx{ vxlydqwv suìvhqwhqw ohv sulqflsdohv fdudfwìulvwltxhv qxfoìdluhv ghv sulq0
flsdx{ ìphwwhxuv qhxwurqltxhv vxvfhswleohv g*íwuh wurxyìv gdqv ohv frolv gh gìfkhwv qx0
foìdluhv1
Lvrwrsh ] Q W  ! ! W  "! ! Ilvvlrq Uhqghphqw gh Pxowlsolflwì Pxowlsolflwì




, ghv I1V1 D ghv I1L1 D
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Wdeohdx D14= Uhqghphqw gh vvlrqv vsrqwdqìhv +I1V1, hw lqgxlwhv +I1L1, gh txhotxhv udglr0
qxfoìlghv frxudqwv1
4;<



























I1V1 I1V1 I1V1 I1V1 I1V1 I1V1 I1L1 58 phY I1L1 5 PhY
3 3/387 3/399 3/39; 3/354 3/348 3/335 3/344 3/339
4 3/538 3/565 3/563 3/47: 3/449 3/359 3/3<< 3/394
5 3/6;3 3/65< 3/667 3/65: 3/633 3/45: 3/5:8 3/55:
6 3/558 3/584 3/57: 3/65: 3/66 3/5:6 3/65: 3/659
7 3/43; 3/435 3/3<< 3/46; 3/4;7 3/637 3/538 3/58<
8 3/35; 3/34; 3/34; 3/36: 3/376 3/4;8 3/3:6 3/3<9
9 3/335 3/336 3/336 3/33< 3/399 3/343 3/355
: 3/334 3/348 3/334 3/336
; 3/335 3/334
D # 5/54 5/489 5/478 5/873 5/:53 6/:8: 5/;:9 6/496
D  6/<8: 6/;58 6/:<7 8/465 8/<6< 44/<95 9/:7; ;/573
D " 8/8<9 8/669 8/64: ;/369 43/434 64/;45 45/8;< 4:/654
Wdeohdx D15= Wdeohdx ghv pxowlsolflwìv srxu glìuhqwv udglr0lvrwrshv rü D  hvw oh lëph
prphqw fruuhvsrqgdqw ã od pxowlsolflwì/ f*hvw ã gluh oh qrpeuh pr|hq gh qhxwurqv ìplv













D # 5/739 5/;:<
D  7/959 9/::6
D " 9/;95 45/963
Wdeohdx D16= Wdeohdx ghv pxowlsolflwìv srxu glìuhqwv udglr0lvrwrshv rü D  hvw oh lëph

























D " 5/489 5/573
D  6/;58 7/:45
D ! 8/669 43/695
Wdeohdx D17= H{hpsoh gh prglfdwlrq gdqv od glvwulexwlrq gh od pxowlsolflwì qhxwurqltxh
vhorq tx*lo v*djlvvh gh I1V1 +Ilvvlrq Vsrqwdqìh, rx gh I1V1 frxsoìh ã od I1L1 +Ilvvlrq Lqgxlwh,
hq whqdqw frpswh g*xq hhw pxowlsolfdwli gþ ã od pdvvh gh 4/371 Oh D  hvw oh lëph prphqw
gh od pxowlsolflwì frqvlgìuì1
Hoìphqw Ugw gh surgxfwlrq Ugw gh surgxfwlrq Hqhujlh pr|hqqh +PhY,
qhxwurq srxu 43
#
doskd qhxwurq srxu 43
#
doskd gx qhxwurq
g*ìqhujlh 7/: PhY g*ìqhujlh 8/5 PhY srxu xq doskd gh 8/5 PhY
Ol 3/49 	 3/37 4/46 	 3/5 3/6
Eh 77 	 7 98 	 8 7/5
E 45/7 	 3/9 4:/8 	 3/7 5/<
F 3/384 	 3/335 3/3:; 	 3/337 7/7
R 3/373 	 3/334 3/38< 	 3/335 4/<
I 6/4 	 3/63 8/< 	 3/9 4/5
Qd 3/8 	 3/8 4/4 	 3/8
Pj 3/75 	 3/36 3/;< 	 3/35 5/:
Do 3/46 	 3/34 3/74 	 3/34 4/3
Vl 3/35; 	 3/335 3/3:9 	 3/336 4/5
Fo 3/34 	 3/34 3/3: 	 3/37
Wdeohdx D18= Uhqghphqw gh surgxfwlrq +doskd/q, srxu glyhuv ìoìphqwv oìjhuv1
4<4














D # 5/739 5/;:<
D  7/959 9/::6
D " 9/;95 45/963
Wdeohdx D19= Wdeohdx ghv pxowlsolflwìv srxu glìuhqwv udglr0lvrwrshv rü D  hvw oh lëph
prphqw gh od pxowlsolflwì frqvlgìuì/ f*hvw ã gluh oh qrpeuh pr|hq gh qhxwurqv ìplv srxu
oh prphqw g*ruguh 41
4<5
